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I Introduction , 
In the fall of 1920, Dr. Allan w. RowJ of the Massachusetts Home-
opathic Hospital began the practice of making a routine examination of all 
anesthesia ethers which entered the Hospital. If they came up to certain 
• standards they were allowed to be used in the operating room ; if not, they 
were re .j e cted. 
Anesthetists had repeatedly complained of the ethers being used for 
anesthesia. Undesirable effects such as respiratory disturbances and post-
operative pneumonias occurred altogether too frequently. Since the install-
ation of the routine ether examination, with the rejection of ethers not up 
to standard, the number of cases, where bad after-effects have occurred, 
has been greatly decreased. 
The routine tests, as described by Dr. Rowe1 in detail, are (1) Spec-
ific Gravity, (2) Boiling Point and Distillation Test, (3) Aldehyde Test, 
~ (4) Peroxide Test, (5) Acidity, and (6) Odor. The standards, which must be 
met for each test in order that the ether may be accepted, are described in 
Dr. Rowe's paper. Routine analyses of typical ethers are here given. 
Since the presence of aldehydes or peroxides is deemed a sufficient 
cause for the rejection of anesthesia ethers, Dr. Rowe conceived the idea 
that it would be well worth while to work out quantitative methods for the 
estimation of aldehydes and peroxides present in · them. The present research, 
therefore, was started in order to work out these methods and apply them to 
various ethers. 
II Historical 
A. Chemical Considerations: 
In 1911, Baskerville and Hamor2 started an exhaustive study on the 
~ chemistry of anesthetics. The first anesthetic to be studied was ethyl 
ether. This study was conducted according to the following heads: 
-1-
• 
-
• 
~#1. {a) The Tests for Odor of Ethyl Ether; (b) A Study of ita 
Physical Properties; (1) Density, and (2) Boiling Point • 
"#2. Teats for the (a) Residue; {b) Acidity; (e) Sulphur and Sul-
phur Compounds of Ethyl Ether. 
"# 3. 
-
{a) Detection of Water and Ethyl Alcohol in Ethyl Ether; 
(b) Dehydration of Ethyl Ether; (e) Tests for Alcohol; (d) De-alcoholization 
of Ethyl Ether; (e) Different Processes for making Ethyl Ether; (f) Detection 
of Acetone in Ethyl Ether. 
"#4 On the changes Occurring in Stored Ethyl Ether. 
"#5 On the Existence of Ethanol in Ethyl Ether. 
"#6 (a) On the Detection of Peroxides in Ethyl Ether; (b) New Tests 
for the Per~xides; (c) Occurrence of Acetal in Ethyl Ether. 
"#7 (a) Methods for Detecting Aldehydes; (b) Purification of Ethyl 
Ether from Aldehydes. 
{a) Scheme for the Examination of Ethyl Ether Intended for 
Anesthetic and Reagent Purposes; (b) Degrees of Purity of Amer_iean Ethyl 
Ethers used ror Anesthesia; (c) Value of Chemical Tests for Anesthetic Ethyl 
Ether." 
These authors classify the various ethe~as follows: 
"A. Pure Ether - absolute ether - ether free from all impurities. 
":a. Anhydrous Ether - Ether free from water, but which may contain 
traces of ethyl alcohol and aee~ldehyde • 
. "c. Anesthetic Ether- Ether complying with the pharmacopoeial 
requirements. Such ether may contain ethyl alcohol (up to 4%), and traces 
of acetaldehyde, acids, and water, although in the opinion or the authors, 
it is highly desirable that the three last mentioned- i.e., the impurities 
be totally eliminated. 
"D. Commercial Ether - Ether which contains at least 95% by weight 
of ethyl oxide ~ 
-2-
"All other grades of ethyl ether should be classed as Impure 
e Commercial Ether." 
-
• 
-
In this research, the topics, 4, 6a, 6b, 7a, and 7b in the work 
of Baskerville and Hamor are the most important. 
First, the changes occurring in ether during storage will be con-
sidered. 
Sch8nbein3 believed that ozone was produced by the action of oxygen 
and air on ether, since the substance produced in the ether gave tests in-
dicating an oxidizing substance. This substance has frequently been con-
sidered hydrogen peroxide4 • Gay-Lussac5 had previously noticed the formation 
of an explosive, oxidizing oil in ethyl ether. 
Houzeau6 found that ether is more rapidly oxidized than alcohol 
when each is exposed to the action of ozone, hydrogen dioxide being produced. 
Wright7 observed that when dry ozonized oxygen acted somewhat violently on 
ether, acetic acid, oxalic acid, hydrogen dioxide, and formic acid were pro-
duced. Berthelot8 found that ethyl peroxide was formed when ether was 
treated with ozone. He 9 believed that ethyl peroxide was identieal with the 
peroxide of ether. 
NeflO believed that the oxidizing substance produced in the ether 
was chiefly diacetyl peroxide, 
II This compound was first prepared by Brodie. It dissoc-
' iates easily into ozone and acetic anhydride. Nefl2 
considers a number of reactions which probably take 
place when ether is stored in metal containers. He gives the following re-
13 
actions suggested by Traube showing a possible method of formation of 
hydrogen dioxide from zinc and water: -
Zn .; 2HOH + 0:::::() -+ Zn (OH) 2 + 2}f..:. + O=o ~ Zn(OH) 2 + HOOH 
-3-
Hydrogen dioxide and any one of the metals, Zn, Fe, Pb, and Cu will cause 
• the following reaction to take place:-
• 
• 
-0-
Then the Atomic oxygen produced will combine with molecular oxygen as 
follows to produce ozone:-
~ + 'o -
-0 / 
The ozone acting on the ether in the presence of metals will produce perox-
ides. It is quite probable that several peroxides may be formed progressive-
ly, but Nef believes that diacetyl peroxide is the chief one. He thinks 
that Berthelot's ethyl peroxide, which he obtained by the action of ozone 
on ether, consists of diacetyl peroxide for the greater part. As a confirm-
ation of Nef's view, Brfthl14 found diacetyl peroxide in working with hydro-
gen dioxide in ether solution , 
Regnault15 has observed that ether, which has stood for some time, 
does not have a constant boiling point. Ramsay and Young16 found that 
this ether acts upon mercury. After shaking with mercury, however, and 
distilling, it does not do so any longer. 
Up to 1876, according to Baskerville and Hamor; it was believed 
that ordinary ethyl ether could produce ozone. In other words a substance 
formed which was mistaken for ozone. In 1876, Kingzett17 observed that 
ethyl ether produces nacetic ethern and hydrogen dio&ide, apparently by 
·• atmospheric oxidation. His explanation was as follows:- He thought that 
ether is first oxidized into nacetic ether" and water, and that the ester 
Jt is next oxidized into the anhydride, and the anhydride into acetic peroxide. 
Finally the acetic peroxide is decomposed by water. 
Legler18 found, a short time afterwards, that, when ether is oxi-
-4-
• 
• 
dized by a red-hot paatimum spiral, formic acid, acetic acid, aldehyde, 
acetal, formaldehyde , and a compound, whose empirical formula is c11H33o21 , 
are produced. This compound, c11H33o21 , liberated iodine from potassium 
iodide solution and appeared to be a derivative of hydrogen dioxide • 
Richardsonl9 has investigated the production of hydrogen dioxide 
in ether under conditions similar to storage conditions. When water, which 
contains pure ether, is exposed to light in an atmosphere of oxygen, hydro-
gen dioxide is produced. From a number of experiments, he observed the 
following points:- (1) the amount of h7drogen dioxide which is produced 
depends upon the ratio of ether to water; (2) hydrogen dioxide is not pro-
duced when a mixture of water-vapor, ether-vapor, and oxygen is exposed to 
sunlight; (3) hydrogen dioxide is not formed when water and ether are exposed 
in an atmosphere of carbon dioxide; (4) iodine is not liberated !'rom potass-
ium iodide when treated with a mixture of water, etherJ and oxygen, which 
e has been kep't/in the dark. 
From his work, Richardson came to the conclusion that the oxidation 
in the pres~ence of light involves in the i'irst place, an oxidation of water 
to hydrogen dioxide, and that the ether is oxidized by means of' a secondary 
reaction between it and the hydrogen dioxide first formed. 
Dunstan and Dymond20 , partly contradicting the work of' Richardson, 
found that pure ether, either wet or dry, does not produce hydrogen dioxide 
in the presence of light. They observed, however, that, when ozone acts 
on ether and water is present, hydrogen dioxide is formed. During the slow 
combustion of ether in the presence of water, hydrogen dioxide may be !'ormed 
under certain conditions. 
.. Richardson21 repeated the work of Dunstan and Dymond. He found that 
hydrogen dioxide is produced whenever ether is exposed to light in the pres-
• ence of moist air or oxygen. vi It is not formed, ho~ver, at room temperature 
when in the dark. Ether and moist oxygen, when kept at a temperature of 
-5-
0 75 to 88° C in the dark for four days, contained hydrogen dioxide. Re 
e also qbtained hydrogen dioxide when ether and oxygen were held at a temper-
ature or 60° C for forty hours in the dark. 
• 
• 
• 
Dunstan and Dymond believed that ether itself is oxidized. At any 
rate,arter hydrogen dioxide is formed, the ether solution contains aldehyde, 
acetic acid, and some other substances. Richardson and Fortey22 , in some 
later work, noticed that dry ether and dry oxygen will give a hydrogen diox-
ide test in three days. They also observed that ether with water and oxygen 
will produce hydrogen dioKide, aldehyde, and will give an acid reaction. 
that 
They believedAthe aldehyde was an intermediate product. Richardson, there-
fore, gave up his original idea that water is first oxidized to hydrogen 
peroxide. He still maintained, however, that water and oxygen alone in the 
presence of sunlight could produce hydrogen dioxide. 
Berthelot23 noticed that a mixture of ether and water, when exposed 
for a period of rive months to air and sunlight, gave aldehyde, alcohol, 
acetic acid, and methane; and in the presence o~~ydrogen dioxide, air, and 
water, larger quantities of these compounds were 1'ormed. 
A result in harmony with these experimental rindings is the fact 
that ether, stored in badly stoppered bottles in the presence or light, forms 
peroxides and aldehydes24. 
Ludwig25 has observed that all the known aldehydes can absorb and 
hold oxygen in an active or ozonized condition. They can then liberate 
iodine rrom very dilute potassium iodide solutions (1:600,000). This active 
aldehyde may be obtained by exposing aldehyde to air. It could thus form in 
badly stored ether • In the presence or water it becomes inactive, probably 
forming hydrogen dioxide. 
Lieben and Berthelot26 have found that alcohol is produced during 
I' 
• 27 the chemical changes taking place in ether. Mathieu has shown that 
alcohol, or wine concentration, is oxidized into aldehyde in the presence 
-6-
of air at room temperature. The reaction is accelerated when oxidized 
e products are present in solution and when exposed to sunlight. Duchemin 
and Dourlen28 have found that alcohol is oxidized in the air, and that 
acetic acid is produced • 
.. 
• 
• 
• 
Baskerville and Hamor believe, the~ that alcohol, either formed in 
ether or originally present in ether, will be oxidized to aldehyde rirst, 
then to aldehyde per&xide, and finally to acetic acid. 
The extent of oxidation seems to depend upon the kind of glass used 
in storing the ether. With metal containers it is probable that metals 
. ~ 
which show peculiar anodic conductivity are likely to form hydrogen dioxide 
in the presence or water and oxygen29 • The actual burning of ether produces 
hydrogen dioxide, just as the burning of hydrogen does30 • 
Baskerville and Hamor, from their own work on the changes occurring 
in stored ethers as well as from the work of others, conclude that, during 
the storage of ethers in the presence of air, water, and either sunlight or 
metals, the following changes take place:- (1) hydrogen dioxide is formed 
from water and the oxygen present 1n the air; (2) the hydrogen dioxide then 
dissociates into water and oxygen, and the latter compound produces acetic 
peroxide, acetaldehyde, acetaldehyde peroxide, and finally acetic acid; 
(3) acetic peroxide produces acetic and peracetic acids by hydrolysis, and 
the peracetic acid will be converted into acetic acid and hydrogen dioxide. 
They believe that there is a continuous cycle of chemical changes during the 
oxidation of ether. 
These authors, therefore, recommend that the ether be stored in com-
pletely filled, well-stoppered dry glass bottles, made preferably from non-
soluble blue, green, or bro\vn glass. They should be kept away from the 
light, in a cool, dry place. Mercury, or better sodium, should be put into 
the bottles with the ether, The bottoms of the cork stoppers should be en-
tirely covered with tin-foil. Ether, to be used for anesthetic purposes . 
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should not be kept in glass containers for any great length of time without 
e being tested for oxidation products. Ether, contained in tin vessels, 
should be completely emptied as soon as opened. 
• 
Dr. A. w. Rowe31 of the Massachusetts Homeopathic Hospitalt has come 
to the conclusion, through experimental work done in the hospital laborat~eies, 
that ether, which is free from contamination at the time of manufacture, 
slowly undergoes deleterious oxidation changes whereby both per~xide and 
aldehyde are formed. The first is !'ormed, presumably, as the result of 
inter-reaction of oxygen with the ether, the second by a supplementary ox-
idation of the small amount of alcohol in ordinary anesthesia ether. There 
are, according to Dr. Rowe, two possible hypotheses:- one, that the oxygen 
and ether inter-react in the vapor phase, the reaction being catalyzed by 
the walls of the container, and that the product o!' this reaction is then 
dissolved in the ether in a liquid state, gradually producing an increasing 
• peroxide content. Presumably in time an equilibrium ms established which 
would be constant were it not for the second phase of the reaction. The 
• 
• 
other hypothesis is that the oxygen in the air space about the liquid ether 
dissolves to some extent in the ether. Under these conditions, the reaction 
of peroxide formation goes on in solution equally catalyzed by the walls of 
the container, but representing another type of reaction. 
Dr. Rowe believes that ether, in a metal container, undergoes deter-
ioration, while ether stored in amber glass remains pure even for long per-
iods of time. The results of the analyses or ethers published in"~he 
Modern Hospital" bear out his contention. A sample o!' Khalbaum•s "Aether 
fuer Narkose" bearing the factory date of February 7, 1910, is contained 
in 100 cc. bottles of amber glass and sealed with cork stoppers, which are 
covered with the standard Kahlbaum foil cap. The bottles are wrapped in an 
excellent grade of paper, which does, however, allow considerable light to 
pass. Each bottle warns the user to protect the contents f'rorn light. This 
-8-
• 
·• 
• 
-
• 
sample is over 11 years old. It shows a specific gravity of 0.711 at 25° c, 
the initial boiling point is 33.6° C indicating a slight water contamination, 
and 9S per cent of the total amount distilled over under 36°. The remaining 
tests were all negative. 
Those ethers which show aldehyde contamination and no peroxide are 
:It. hCfS 
regarded by Dr. Rowe as having been packed in an impure state. '!'ln.. 7 oe 
hqS 
undoubtedly resulted from the process of manufacture and~ not been re-
moved. In ethers which show peroxide alone,the contamination has probably 
occurred after the liquid was sealed in the container. In those cases where 
both peroxide and aldehyde are present, the latter may represent an initial 
contdm~ination, but it is more likely that it is the result of the second 
phase o1· the slow oxidation o1· the contents of the can. Ethers should be 
dated and lots over three months old should be returned to the factory for 
examination • 
Dr. Rowe believes that the evidence is rather conclusive that the 
metal of metal containers causes the production of harmful products by cat-
r 
alytic action. The available evidence seems to be in favor of the amber 
glass container,which would involve some difficulties in handling; or the 
filling of the metal containers completely at the boiling point of ether, 
closing them by means of an electric soldering iron and low melting alloy, 
and constructing the cans strong enough so that there would be no tendency 
to collapse from the partial vacuum which would exist when the ether had 
cooled to room temperature. Either of these two methods would, according 
to Dr. Rowe, result in a minimum production of harmful contaminants in a 
given length of time. 
32 Clover , in a recent paper, has made a study or chemical changes 
taking place when cork-stoppered bottles of ether are charged with air and 
allowed to stand. He f otind that ether peroxide developed first in a puri-
fied (not dried) ether, and that hydrogen dioxide was never found before 
-9-
the end of three or four months and even then the hydrogen dioxide content 
e is extremely small as compared with the ether peroxide content. 
• 
• 
-
• 
Light seems to have an important influence on peroxide formation, 
but it does not appear to be indispensable. Direct sunlight seems to be 
more important to start peroxidation than it is to continue the process. 
Clover says that Berthalot undoubtedly had the formula (C 2H5 )4o3 
in mind for the ethyl peroxide that he worked with. Harries33 studied the 
action of ozone on dry ether at a low temperature. He distilled the product 
in vacuum •• The distillate contained peroxide, but the results did not 
check each other and were not close to results that would be required for 
Berthelot's formula. 
Baeyer and Villiger34 have synthesized di ethyl peroxide, (C 2H5 )2o2 , 
an ether-like compound. It does not react, however, with water to produce 
hydrogen dioxide • 
Clover does not agree with Nef that di acetyl peroxide is formed 
during the oxidation of the ether. 
An account of the facts that (1) one molecule of ether reacts with 
one molecule of oxygen to form the ether peroxide, (2) oxygen acts on ether · 
directly, (3) on decomposition with light C02 and CH4 , CH3CHO, and c2H5oH 
are produced, (4) ether peroxide in the presence of water produces hydrogen 
p!oxide, alcohol, and aldehyde, (5) ether peroxide in the presence of acid-
ified water undergoes a complex decomposition yielding, among other products, 
hydrogen dioxide• Clover presents the .following reaction to show how in 
} 
his opinion
1
ether peroxide is formed:-
(EJ:her peroxide) 
He further shows how the above .formula accounts for the decomposition in 
the light by means of the two following equations:-
-10-
• 
• 
• 
• 
(1) 
{2) 
With acidified water he shows how hydrogen dioxide may be f9ffied as 
follows:-
+ 
~(l) 
~(2) 
Clover g~ve~o analyses to substantiate his formula, · so that it bas 
not been yet proved to be correct beyond all question. The formula is inter-
esting and ingenious, however, and is in accord with the facts so far as 
Sch8nbein35 , Soret36 , and Kingzett37 have treated turpentine with 
ozone and have obtained peroxidized compounds. 
SchHr38 , Cleve39 , von Neander40 , Kleemann41 , Hert~orn42 , and Konig43 
have noticed that, after ether has been exposed to the action of air for 
some time, the residues formed by evaporation of the ether, are oftentimes 
explosive. Tests for hydrogen peroxide have been obtained in some cases. 
Second, some of the qualitative and quantitative tests that have 
been used for peroxides in ether will be considered • 
~ualitative tests for peroxides: 
(a) The potassium iodide thst is given essentially as follows:-
-11-
•• 
• 
Ten cc. of ether and 1 cc. of 1~ KI solution must show no color-
ation in one hour when shaken in a stoppered bottle and exposed to diffused 
daylight44,45,46,47,48,49,50. B k ill d H dif th as erv e an amor mo y e test by 
using a 10 per cent Cadmium potassium iaodide solution in place of the 
potassium iodide solution. This is the u. s. Pharmacopoeia test. The Phar-
macopoeias of Germany, Switzerland, Japan, France, and Holland, however, give 
the potassium iodide test. 
51 (b) The vanadic acid test was proposed by Jorissen , __ _ 
Powdered vanadic acid (0.1 gram) and 2 cc. of sulphuric acid are put 
in a porcelain capsule. The capsule and contents are heated 10 to 15 minutes 
on the water-bath, and are then allowed to cool. The reddish brown mass is 
dissolved in water and made up to 50cc. About 2 cc. of this reagent is placed 
in a test tu e, and 5 to 10 cc. of the ether sample is added. The mixture 
is well shaken. If peroxides are present the mixture becomes pink to red. 
• The test is more delicate than the perchromic acid test. 
• 
• 
(c) Thoms52 gives the ferrous hydroxide test as follows:- Allow 1 cc. 
of freshly made lo% ferrous sulfate solution to be placed in a watch glass. 
Add 10 cc. ether and a few drops of "soda solution.tt The greenish white 
ferrous hydroxide which forms should not turn brown within one minute. 
(d) Stokes and Cain53 found that hydrogen dioxide may be detected 
by means of ferrous sulfocyanate. Ferric sulfocyanate is ~oduced and is 
dissolved by the ether. Baskerville and Hamor54 , however, think that the 
test cannot be recommended. 
(e) Rossolimo55 found that caffeine alkyl iodide can be oxidized 
slightly by means of ether which contains hydrogen dioxide. The oxidizing 
power of ethyl peroxide appears to be greater, since the caffeine alkyl iodide 
is decomposed with the formation of periodides • 
(f) The chromic acid test, discovered by Sch8nbein56, is as follows:-
Potassiurn chromate, to which has been adaed a few drops of dilute 
sulfuric acid, is added to the ether to be tested with shaking. If a blue 
-12-
• 
.. 
cmlor develops, the presence of hydrogen dioxide is proved. Thea test is 
mentioned in the British Pharmacopoeia and by Wbite57 with slight modifica-
tions. The test is also mentioned in the Pharmacopoeias of Hungary, Switz-
erland and France. , 
(g) The Potassium ferricyanide-ferric chloride test has been used to 
detect peroxides in ether. According to this method58 , ether is shaken up 
with a freshly prepared potassium ferricyani~e-ferric chloride solution. 
The appearance of a green or blue color indicates peroxides. Other sub-
stances such as sulfur dioxide, higher aldehydes etc.,will give the same 
reaction as hydrogen peroxide with the potassium ferricyanide-ferric chloride 
solution, so that the test is not altogether reliable59 • 
(h) Schmatolla6Q and Ditz61 have used cobalt solutions in testing for 
62 peroxides. Baskerville and Hamor detected hydrogen dioxide in ether by 
adding a few drops of dilute sulfuric acid and also a few drops of a one per 
a cent cobalt nitrate solution to 25 cc. of ether. Then potassium hydroxide 
solution is added and the whole is shaken. A brown precipitate indicates the 
presence of peroxides. A white precipitate indicates freedom from peroxides. 
(i) A cerous salt such as cero~s nitrate or ceroUs chloride may be 
• 
used for the detection of peroxides in ether63 • The cerous salt solution 
is made slightly alkaline with ammonium hydroxide. In the presence of the 
ether to be tested the white cero~s hydroxide should not become darker. 
(j) Baskerville and Hamor64 have elaborated a test for peroxides 
used by Fairley65 and Aloy66 • A solution of uranium nitrate, previously 
saturated with sodium carbonate or potassium carbonate,is added to the ether 
with thorough shaking. If the ether contains hydrogen dioxide a yellowish 
brown color appears in the uranium solution. If the ether is free from per-
oxides the original greenish yellow color is not changed • 
(k) Another test for hydrogen dioxide in ether has been worked out 
by Baskerville and Hamor67 • This test is based upon a finding by Arnold 
-13-
68 
and Mentzel , that hydrogen dioxide gives a blue precipitate in the pres-
ence of a solution of benzidine and copper sulfate. Molinari and Fenaroli69 
• believe that the benzidine test is the be~t one in the presence of aldehydes.· 
The modified test in the presence of' ether is as follows:- A mixture of 
J 
.. several drops of ~aturated solution of benzidine in pure ethyl alcohol and 
• 
also several drops of a 10 per cent pure copper sulfate solution is added 
I. 
to ether which is to be tested for hydrogen dioxide. If tne· ether is free 
from hydrogen dioxide
1
a bricM-red separate forms upon shaking. If, however, 
hydrogen dioxide is present, this separate changes to a blue or green color. 
The color may vary from grayish green to greenish black depending upon the 
amount of' peroxide present. With considerable amounts of hydrogen dioxide, 
the separate becomes brownish black in color. Acetaldehyde does not inter-
fere with the test. 
Several other tests have been suggested for the recognition of hydro-
gen dioxide. These are (1) the guaiacum-malt test70 ; (2) the test with a 
sulfuric acid solution of ammonium molybdate71 ,; (3) the test with a sulfuric 
acid solution of titanic acid72 ; (4) tests with various aniline bases73 ; 
(5) tests with lead and copper hydroxides74 ; (6) the phosphorus tribrornide-
copper nitrate test75 ; and (7) the test by means o:r the benzine solution of 
the cobalt salt of napthenic acid76 • These tests have not been proposed, 
however, for the detection of hydrogen dioxide in ether. 
Quantitative tests for peroxides: 
(a) The peroxide solution is treated with an excess of pure potass-
ium iodide solution. The solution is acidified and the mixture is allowed 
to stand until the peroxide has entirely reacted with the potassium 66dide. 
-
• 
-8 = lt.t'& i Q);:J. 0 T :&9 fi!H~ laliPI; i ~R i 8 8; e i Eli f i A d a 1i! (j t h Q }ff i~tii loll? 8 11i Q l: la lilV re :i t e B t; an~ 
liberated iodine is then titrated with a standard sodium thiosulfate solution. 
~7 
The per cent of hydrogen dioxide present may then be calculated. The method, 
-14-
slightly modified, has been mentioned by Clover78 t•or the analysis of per-
oxides in ether • 
• (b) The peroxide solution may be aeidied and titrated with potassium 
permanganate solution. The end point is recognized by the appearance of a 
.. permanent pink color, which does not disappear upon shaking79. 
Third, some of the qualitative and quantitative tests that have been 
used for the detection and estimation of acetaldehyde in ether will be eon-
sidered: 
(a} The Potassium Hydroxide Test: Weidenbuseheo has shown that 
aqueous potassium hydroxide and aldehyde when present together, will form 
a resin. This reaction was later used to show the presence of aldehyde in 
ether. Traub81 has stated that ether, when placed in contact with potass-
ium hydroxide, should not change in twelve houus. This test specifieS that 
30 ee. of ether and about 5 grams of solid potassium hydroxide must show 
• no yellowish brown substance after standing for a day with occasional shaking. 
-
• 
Some believe that a much shorter period of time should be allowed. ~~ite82 
suggests that 5 grams of solid potassium hydroxide and 20 ee. of ether be 
placed in a stoppered bottle with shkking. Then set aside for two hours. 
No yellow or yellowish brown color should be acquired. ~raueh and Mereke3 
recommend the use of small pieces of potassium hydroxide, which are covered 
with ether. The mixture is set aside for one-half hour in the dark. The 
solution must not acquire a yellow or yellowish brown color. 
The Pharmacopoeias of Great Britain, Germany, United States, France, 
Holland, Hungary, Spain, Switzerland, Japan, and Belgium specify this potass-
ium hydroxide test. 
Certain investigators have found that substane~other than aldehyde 
wwll give a yellow or brovm color to ether in the presence of potassium 
hydroxide. Poleek and Thfrmmel84 assert that vinyl alcohol will produce 
this coloration. Borr1gter85 and Seh8nbein86 have observed that hydrogen 
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dioxide in ether will color a part of the potassium hydroxide yellowish brown. 
Ozone will color potassium hydroxide orange-brown87 • Ba.skerville and Hamor 
have sho~m that alcohol in ether will produce a yellow color in the presence 
of potassium hydro~ide. They have also shown that pieces of cork from the 
stoppers in ether will also produce a coloration with potassium hydroxide. 
The coloration here is probably due to the quercitannic acid and the resinous 
materials, which have been extracted from the cork by the ether. With the 
exception of these substances, Baskerville and Hamor are of the opinion that 
acetaldehyde in ether is the only substance which is likely to give the test 
with potassium hydroxide. They, therefore, recommend the test for the pres-
ence of acetaldehyde in anesthesia ether as follows:-- Five grams of solid 
potassium hydroxide in pieces freshly broken and about 5 mm. in diameter and 
30 cc. of ether are placed in a tightly stoppered container. The mixture is 
set aside in a dark place with occasional shaking for six hours. At the end 
e of this time the potassium hydroxide and ether should not have acquired a 
• 
• 
yellow or brovm color. There should be no separation of any colored sub-
stance. 
{b) ~he Test with Schiff's Reagent. Schiff88 discovered that 
) 
when rosaniline has been treated with a sulfurous acid solution and a little 
sulfuric acid,the magenta color of the rosaniline was lost and a colorless 
or slightly green colored solut~9n resulted. This solution is now known as 
Schiff's r eagent. Vihen Schiff's reagent is treated with a few drops of 
aldehyde the solution becomes red at first, then turns violet, and finally 
a precipitate is formed. 89 Cazeneuve found that rosaniline salts/which had 
been de colorized by sulfurous acid1 produce, with forra~dlehyde or acetalde-
hyde in alcohol as a solvent, a violet color. Mfiller90 ,urbain91 , Lefevre92, 
and von Bitto93 have also worked on the behavior of Schiff's reagent with 
aldehyde. 
94 Mohler noticed that "rosaniline bisulfiten, a reagent in which 
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sodium bisulfite is used instead of sulfurous acid, gave a reddish violet 
coloration with aldehyde. Francois95 found that this reagent of Mohler's 
does not mix with ether and that the ether will precipitate the sodium salts 
in the reagent. 
.. Blaser96 suggested a similar test for aldehydes, but one not quite 
so delicate. He found that, when weak magenta solutions ( 1 :·100, 000) are 
exposed to sunlight, the color is lost. Aldehyde reacts with this solution 
to produce color again. 
(c) The Aldehyde-Ammonia Test. Liebig 1 s 97 test was modified so 
as to be used for ether by Adrian98 • He found that, when 0.5 per cent or 
more of aldehyde is present in ether, it may be precipitated as aldehyde-
ammonia by passing a current of dry ammonia fh»nugh the ether. By filtering 
off the aldehyde-ammonia and weighing, one can estimate roughly the quantity 
of aldehyde present. The ~est is not as delicate as the tests with potass-
• ium hydroxide or with Scbiff*s reagent. 
• 
• 
(d) The Alkaline Silver Nitrate Test. 
This test depends upon the fact that alkaline solutions of silver 
nitrate react with aldehyde to produce a silver mirror upon being heated. 
The test is not a reliable one, since many other substances act as reducing 
agents to give this test. Wobbe 99 gives the pr.ocedure for the test as 
follows:- Five cc. of an alkaline silver nitrate solution~ [made up by dis-
solving 8 grams of silver nitrate in 20 grams of water and adding 30 grams 
of ammonium hydroxide (specific gravity 0.923) and 10 grams of a 30 per cent 
sodium hydroxide solutio~, and 20 cc. of ether are shaken together. The 
formation of a silver mirror indicates the presence of aldehyde • 
(e) The Test with Nessler's Reagent. 
Nessler's reagent has been found to be one of the best tests for 
the presence of aldehyde and also alcohol. It is · impossible, however, to 
get an ether which gives a completely negative test with this reagentl00. 
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Ylhen the test is somewhat modified, however, it serves as a very satisfac-
• tory method for testing ether for the presence of aldehydes. The Belgium 
• 
Pharmacopoeia gives the test as follows:- Anesthesia ether should not 
produce a red or black precipitate, although it may become opaleseent yellow 
in color, when 10 cc. of it and 2 cc. of Nessler's reagent are shaken to-
gether. The Pharmacopoeia of Holland requires that 5 cc. of ether, 5 cc. 
of water, and 3 drops of' Nessler 1 s reagent must produce no reaction in fif-
teen minutes. The German Pharmacopoeia makes the statement that no coloring 
or darkening should besult when a mixture of 10 cc. of anesthesia ether and 
1 cc. of Nessler's reagent is shaken. Nothing more than a faint white 
opalescence should appear. A posit i ve test indicates a~dehyde or "vinyl 
alcohol." 
Baskerville and Hamor found that an ether which was distilled over 
sodium and which contained only traces of acetaldehyde (1:10,000) gave an 
• opalescent yellow color in the presence of Nessler's reagent when the mix-
ture was shaken. After standing for about fifteen minutes a small quantity 
-
• 
of a red precipitate settled out. With ethers which contained mqre acet-
aldehyde, a grayish black precipitate settled out immediately upon shaking. 
These two authors, therefore, believe that the Gerntan, Belgian, and Dutch 
Pharmacopoeias specify tests which are rather too rigid and exacting. They 
believe that, if no black precipitate separates, the test is sufficiently 
good for anesthesia ether. 
(f) The Meta-Phenylenedf..amine Hydrochloride Test. 
Schiff101 observed that meta-phenylenediamine hydrochloride may be 
used for the detection of aldehyde. Windisch102 studied the action of this 
reagent with aldehyde when alkalies and also acids were present. 
In preparing this reagent, the meta-phenylenediamine hydrochloride 
may be dissolved in nitrite-free water or aldehyde-free alcohol. The solu-
tion should be colorless and should be kept out of contact with air. With 
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an ether containing 0.05 per cent of aldehyde or even less, this reagent 
will produce a yellowish brown color in the solution. Peroxidesl03 must 
be absent, if the test is to be conclusive. 
Baskerville and Hamor have investigated the behavior of ortho-
tl phenylenediamine hydrochloride and also para-phenylenediamine hydrochloride 
• 
with ether containing acetalaehyde. They found that a water solution of 
ortho-phenylenediamine hydrochloride will produce a yellowish to reddish-
brovfn color with ether containing acetaldehyde. The color varies with the 
quantity of acetaldehyde present. As low a value as 0.06 per cent of acet-
aldehyde may be deteeted by means oi' the yellow color produced in the solu-
tion. Peroxides produce a similar color in the solution. Their absence 
must, therefore, be proved before the test is made. Baskerville and Hamor 
recommend that the test be used only for confirmatory evidence and they 
suggest that the test be made as follows:-- Twenty-five cc. of the ether 
to be tested is placed upon 10 cc. o1· water and 0.05 to 0·.10 gram of ortho-
phenylenedimanine hydrochloride is added, and the mixture is shaken. No 
color should be produced in one or two minutes. Air and light must be kept 
away. 
The investigation of para-phenylenediamine hydrochloride as a reagent 
for acetaldehyde in ether showed that it was less sensitive and less reliable 
than the two preceding reagents. It is not so sensitive a reagent for acet-
aldehyde, and it is easily oxidized by the air, oxygen, and peroxides. 
Several other tests have been used for the identification of acetal-
dehyde. They have not, however, been applied to acetaldehyde in ether. 
These are {1) the sodium nitroprusside test104 ; (2) the phenol-sulfuric acid 
.. test 105 ; (3) tests by means of certain reagents suggested by Istrati106 ; 
(4) the test with phenylhydrazine hydrochloride and sodium acetatel07; 
• (5) the phenylhydrazine oxalate test; (6) and several color tests as (a) 
aldehyde, phosphoric acid,plus a tryptophane solutionl09, (b) aldehyde, 
guaiacol carbonate, alcoho~ and ferric chloridellO, (c) aldehydes plus any 
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one of the following compounds:~ sulfanilic acid, hydroquinone, guaiacol, 
salicylic acid, salol, tl~ol,phenol, B- naphthol, catechol, resorcinol, 
pyrogallol, phloroglucinol, vanillin, and naphthionic acids!H 
Quantitative methods for acetaldehyde. 
(a) Girard and Rocques112 worked out a method for the quantitative 
estimation of acetaldehyde in commercial alcohols by means of meta-phenylene-
diamine hydrochloride. 
(a) A roughly quantitative estimation of acetaldehyde in ether has 
been worked out at the E. I. DuPont de Nemours & Company Experimmntal Station. 
The method is written up by R. L. Andreau and w. R. Gawthrop and is essent-
ially as follows:- Two test tubes are each partly filled with 10 cc. of 
sulfurOU$ acid solution and 1.5 cc. of fuchsine (rosaniline hydrochloride) 
solution. If the pink color has disappeared in five minutes,these solutions 
are discarded. Now two more solutions are prepared as before, but this time 
~ a little more fuchsine is added to each tube until a permanent color is ob-
tained. Then 0.8 to 0.3 cc. of concentrated sulfuric acid is added to each 
.. 
tube. The color should now change from pink to lemon. Now, for the analysis, 
introduce into the first of two more test · tubes, similar to the ones pre-
viously employed, 10 cc. of a known standard solution of acetaldehyde in 
ether (made from aldehydeefree ether and pure acetaldehyde). In the other 
test tube 10 cc. of the unknown ether is placed. Three cc. more of fuch-
sine is added to each of the tubes containing the sulfurons acid and fuch-
sine, and the contents of these two tubes are poured into the two tubes con-
taining the ether. In ten minutes the colors or the rings are compared. By 
repeating the test and varying the strength of the aldehyde standard until 
the rings formed by the standard and unknown are matched in height and in-
tensity one can know at once the ~pproximate quantity of aldehyde present 
e in the unknown ether, since it will be the same as that of the standard. 
The sensitiveness of the test may be increased by adding less sulfuric acid. 
Andreau and Gawthrop state that the method is delicate enough to 
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detect 1 part of acetaldehyde in 500,000 parts of ether. They also assert 
that a good anesthesia ether should contain less than 1 part of acetaldehyde 
to 200,000 parts o1' ether but that the ratio 1:100,000 may be acceptable. 
(c) A somewhat similar method, but more involved and undoubtedly 
II more exact, has been worked out by Francois113 • Francois prepared his 
• 
Schiff reagent by mixing 30 ce. of fuchsine solution (made by dissolving 
1 gram of fuchsine in 1000 cc. of water) and 200 cc. of a saturated sulfur 
dioxide solution.1t1Aft'er t-horough shaking 3 cc. of concentrated sulfuric 
acid is added. After standing for 24 hours, the solution is filtered if a 
precipitate is present. The solution should be colorless or slightly lemon 
colored. As indicated in the previous testJ(b), the reagent becomes more 
sensitive as it contains less sulfuric acid. It may become so sensitive that 
it will produce a color when mixed with absolutely pure alcohol and ether. 
By increasing the quantity of sulfuric acid, this defect can be eliminated. 
Francois prepared two standard solutions, one containing 1 gram of 
acetaldehyde per liter of solution, the other containing 0.1 gram of' acet-
aldehyde per liter of solution. The solvent in both cases was 90 per cent 
et~yl alcohol. The standard 1:1000 served to estimate the aldehyde content 
of ethers containing more than 1 gram of aldehyde per liter. The standard 
1:10,000 served to estimate the aldehyde content of ethers containing between 
1 gram and 0.1 gram of aldehyde per liter. 
The method is given as follows:- Into one test tube is placed 
5 cc. of the standard 1:1000 and 5 cc. of pure ether. Into a second test 
tube is poured 5 cc. of the standard 1:10,000 and 5 cc. of pure ether. Into 
a third test tube is poured 5 cc. of pure 95 per cent alcohol and 5 cc. of 
.. the unknown ether to be examined. At the same moment, 4 cc. of the Schiff 
reagent is added to each of the three test tubes. The contents are well 
e mixed and the tubes are stoppered. At the end of fiteen minutes, the colors, 
which are produced, are observed. If the intensity of color in the third 
test tube is stronger than that in the first tube, the ether contains more 
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than 1 gram of aldehyde per 1000 cc. and the first tube becomes the stand-
~ ard for color comparisons. If, however, the color is not so intense in the 
third tube as in the first, one knows that the ether contains l~ss than 1 
gram of aldehyde per 1000 cc. and the second tube becomes the standard • 
• Now since the intensity of color developed is not proportional to 
-
the concentration of aldehyde present, the quantity of aldehyde present in 
the unknown ether cannot be correctly calculated by means or a colorimeter 
reading,if the intensities of the colors vary much in the tubes being com-
pared. One can get, however, an approximate idea of the dilutionnecessary 
to make the colors match. Accordingly then, the unknown ether is diluted 
with pure ether, and the colors are again compared, and a reading is taken. 
On the basis of this reading the unknown ether is again diluted with pure 
ether. Now on comparing the standard and unkn.own, one 1'inds, according to 
Francois, that the colors will match. Bearing in mind the dilutions with 
• pure ether, one can calculate the quantity of aldehyde present in the ether 
being tested. 
• 
Fourth, methods for the removal of acetaldehyde from a1cohol and 
from ether and also for the preparation of absolutely pure ether will be 
considered. 
(a) Methods which have been proposed for the removal of acetaldehyde 
from alcohol. 
Francois114 used the following method to remove aldehyde, furfural, 
etc. from the commercial 95 per cent alcohol:- Ten cc. of aniline and 10 
cc. of orthophosphoric acid (45° :Baum~) are added to one liter of 95 per 
cent alcohol. 
and distilled. 
The mixture is boiled for one hour using a reflux condenser , 
Hewitt•s115 reagent (the sodium salt of' phenylhydrazine para-sulfonic 
acid) has been suggested as a means of removing aldehyde from 95 per cent 
alcohol. 
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Girard and Cumasse 116 add 3 or 4 grams of meta-phenylenediamine 
hydrochloride ( or the same quantity of aniline phosphate) to every liter 
of 95 per cent alcohol. The mixture is allowed to stand for several days, 
or it is refluxed for an hour. The alcohol is then distilled slowly, the 
first few ce. of the distillate is rejected, and the distillation is stopped 
as soon as nine tenths of the alcohol has passed over into the receiver. 
Dr. R. L. Emerson of M.I.T. reconnnended the meta-phenylenediamine 
hydrochloride method for the elimination of aldehyde from alcohol to the 
writer. He has had very good success with it. 
(b) Methods for the purification of ether. 
Accqrding to Baskerville and Hamor, potassium hydroxide or metallic 
sodium will remove water and all except mere traces of acetaldehyde from 
ether. Lassar-Cohn117 has shown that alcohol and aldehyde may be best re-
moved from ether, by boiling it with a reflux condenser for 24 hours with 
e an alloy of potassium and sodium. This alloy is liquid at low temperatures, 
and, since it does not become coated with a layer or hydroxide and resin, 
• 
• 
it is superior to metallic sodium. 
Ekenbergll8 was able to obtain ether, which was pure enough for 
ordinary analytical work, by adding 5 to 10 volume per cent of liquid par-
affin to ordinary ether which contained water, alcohol,and oxidized com-
pounds. The mixture was then distilled between 40° and 50° c. The para-
ffin, which has a high boiling point (above 300° c), stays in the retort 
and holds the impurities. Baskerville and Hamor think that the method 
probably does cause the removal of acids, peroxides, and bad smelling sub-
stances from ether, but that it does not free the ether from aldehyde • 
Adrianll9 observed that acetic acid may be removed from ether by 
distillation. He proposed that dry ammonia gas be passed through the ether 
to remove the aldehyde in the form of insoluble aldehyde-ammonia, which may 
be removed by filtration. The ether may be freed from the ammonia gas by 
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treating the ether with sulfuric acid. Ammonium sulfate precipitates out 
and is filtered off. The ether is finally distilled over potassium carbon-
ate. 
Francois120 recommends the following method for the purification of 
.. ether;-- Place the ether to be purified in a stoppered liter flask with 
200 cc. of a saturated solution of potassium permanganate and 20 grams of 
sodium hydroxide. At the end of 24 hours with frequent shalt:ing in the mean-
t 1me, the ether is decanted o1'f, and the ether )'eceives the same treatment 
• 
-
• 
a second time. The ether is then filtered and set aside for 24 hours in 
contact with a mixture of 50 grams of quicklime and 50 grams of fused 
bleaching powder. The ether is then filtered and distilled. Francois states 
that the ether thus obtained gives no color with Schiff 1 s reagent in 15 
minutes. Baskerville and Hamor have observed, however, that the ether pro-
duced by this method does give a faint coloration with Schiff 1 s reagent. 
Aldehyde may be removed from ether by precipitation with an alkaline 
mercuric chloride solution, by distillation with hydriodic acid and by means 
of phenyl hydrazine. Phenyl hydrazine also removes acetic acid and acetone. 
Dunstan and Dymond121 have shown tbat peroxides may be removed from 
ether by the use of a sufficient quantity of lime plus washing twice with 
alkaline water. 
Garbarinil22 observed that dry ferrous hydroxide will remove perox-
ides present in ether. Stokes and Cain123 used a feerous sulfate solution 
with satisfactory results. 
Ramsayl24 removed peroxides by placing clean mercury in the ether 
container. 
Ditzl25 observed that, when ether is purified by means of powdered 
potassium permanganate (Brunner's method), peroxides still remain. Ether, 
treated with solid potassium hydroxide (B8rrigter's method), however, is 
free from peroxides. 
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Peroxides may also be removed from ether by means of manganese 
dioxidel26 , chromic acid, metallic sodium, potassium-sodium alloy, phos-
phorus pentoxide, or a solution of sulfurous acid and hydriodic acid. 
Mackenzie Wallisl27 used the following prmcedure for the preparation 
of pure ether:- Ether was distilled with very finely divided potassium 
permanganate. Many impurities were oxidized. By means of a spcial reflux 
condenser, the mercaptans were entirely retained in the residue, adsorbed 
by the finely divided potassium permanganate. The permanganate may be 
freed from the mercaptans by passing a stream of dry air over it, so that 
it may be used over and over again for the purification of ether. Iodine 
was also found to destroy mercaptans. It was not used, however, because 
small quantities of it distilled over with the ether, · and it could be re-
moved only with difficulty. 
The ether, distilled over the potassium permanganate, is quite free 
from aldehydes and mercaptans. It contains only traces of alcohol, water, 
and peroxides. The ether is next treated with anhydrous copper sulfate. 
Druing the first part of the investigation, the ether was distilled over the 
copper sulfate. Later on this was found to be unnecessary. Shaking and 
standing alone proved to be sufficient. A very pure ether is obtained by 
this process. It keeps well, and is only slowly oxidized. 
Dr. R. L. Emerson gives the following directions for the preparation 
of pure ether:-
1. Four liters of high grade commercial ether is well shaken~in 
an eight-liter bottle with glass stopper with one liter of pure distilled 
J 
water, and the ether layer is removed by siphoning • 
2. Repeat operation at least three times. 
3. To alcohol-free but water-saturated ether, add granular calcium 
e chloride. Allow to stand for 24 hours with occasional shaking. Remove by 
siphoning or decantation. 
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4. Repeat with fresh calcium chloride at least two times more. 
5. Withdraw sample of dried ether and test with a small bit of 
metallic sodium. If found to be anhydrous, add metallic sodium in ribbons 
to the ether and allow to stand for two weeks; bottle to be sealed with a 
U - tube with two points of inflexion containing small mercury globule 
for closure. 
6. Repeat with fresh sodium until the sample of ether, added to 
freshly cut sodium, produces no gas•evolution. 
7. From wide mouth bottle, into which glass worm is inserted, 
distil over sodium, using a 3- foot spiral condenser with a Hopkins 
adapter. 
Note by Dr. A. w. Rowe of the Massachusetts Homeopathic Hospital:-
The arrangement should be made so that in event of glass tube breaking no 
explosion with sodium shall occur. 
Taylor and Smith128 recommend the following method for the prepar-
ation of pure ether:- The c. P. ether of trade is shaken with concentrated 
sulfuric acid until fresh portions produce no change of color. Then it is 
allowed to stand over fresh acid over ·night. It is next washed with water 
and poured into a saturated solution of potassium permanganate (containing 
20 grams of sodium hydroxide per liter) to oxidize aldehydes. After 2• 
hours, the process is repeated with alkaline potassium permanganate. It is 
then washed with water, and treated again with concentrated sulfuric acid 
for a short time. It is then washed, dried over calcium chloride, and dis-
tilled. It is next dried over sodium ribbon and distilled again. It was 
then allowed to stand over sodium ribbon for several weeks with the addition 
of fresh sodium ribbon every few days. It is finally distilled. A special 
piece of apparatus, pictured in the original article, is used for the dis-
e tillations. Pure ether is the result of the above process. 
B • . Pharmacological and Medical Considerations. 
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First, the undesirable after-effects of ether contaminants will be 
considered • 
There is a considerable amount of evidence showing that, when contam-
inants are present in ether, undesirable after-effects are experienced by 
,~q 
patients. Coughing, suffocation and sometimes dangerous after-effects may 
result from the administration of ether, which has undergone prolonged ex-
posure to the light and air, according to Baskerville and Hamor. Such ether 
should always be tested for peroxides and aldehyde. The above authors be-
lieve that aldehyde should be particularly guarded against. Other investi-
gators13Q have noticed that aldehydes are objectionable, producing respira-
tory irritation. 
Hendersonl31 considers that poor ether is more excitant, and tends 
to produce acapnia. Brunsl32 concluded from clinical experience that the 
impurities of ether are chiefly responsible for bronchitis. 
Baskerville133 states that the administration of moist ether, free 
from aldehyde, is rarely followed by nausea, and the usual strain on the 
kidneys is not so great. 
Mackenxie Wallis134 , while stationed in India, was confronted with 
the ~oblem of preparing pure ether. During the process, a residue of mer-
captans possessing a bad odor was obtained. This residue was found to be 
extremely poisonous, a mere whiff producing nausea and irritation of the 
naso-pharynx. When only a small quantity of this residue is inhaled, a se-
vere headache results. 
Dr. A. w. Rowe of the Massachusetts Homeopathic Hospital started the 
routine examinations of ethers in the fall of 1920, because there had been 
a great deal of trouble with the anesthesia ethers. Post-operative pneu-
monias and bronchial troubles had been resulting altogether too frequently • 
Since these routine examinations have been carried out, with the rejection 
of ethers not up to standard, there has been a decrease in post-operative 
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respiratory disturbances. 
Second, the work of Cotton, Wallis, and Bourne on pure ether as an 
anesthetic, together with the special anesthesia ethers of cotton and • 
Wallis, will be considered • 
In a lecture on "New Ether" at McGill University, Montreal, June 13, 
1917, J. H. Cotton of Toronto stated that absolutely pure ethyl ether was 
not an efficient anesthetic, but instead was a powerful narcotic poisonl35. 
Ethers ordinarily used for surgical anesthesia owe their anesthetic proper-
ties to the presence of synergistic gases, particularly ethylene and carbon 
dioxide, according to Cotton. The new Cotton ether is made up from abso-
lutely pure ethyl ether and contains 2 per cent of ethylene by volume, 0.5 
per cent of carbon dioxide by volume, and 1 per cent of ethyl alcohol by 
weight. This new ether was administered at the Royal Victoria Hospital, 
on the day following his lecture, by Cotton. He showed its ability to 
e maintain operable analgesia without loss o1' consciousness, and also to pro-
duce rapid induction and recovery. When used for surgical anesthesia, the 
• 
after-effects are negligible. 
Later, Cotton presented the results of his investigations on the 
pharmacology of the new ether and also the clinical findings of himself and 
other workers before a joint meeting of the Interstate Association of Anes-
thetists and the Indiana State Medical Society at Indianapolis, Sept. 27, 
1918;136 before the New York Dental Association, Albany, May 15, 1920; and 
the New York Society of Anesthetists, New York City, Sept. 30, 1920. 
Other workers have observed that absolutely pure ethyl ether is not 
an anesthetic137 • Several members of the medical and dental professions 
have been, and are, investigating the analgesic and other improved proper-
ties of the new ether with many favorable resultsl37,138,139 • 
MacKenzie Wallis140 confirms the work of Cotton by observing that 
pure ether, freshly prepared, can be given to animals in large amounts with-
out producing anesthesia. The preparation actually exerts an intoxicating 
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action. The anesthetic properties of ordinary anesthesia ether are due 
entirely to one or more compounds contained in it. He also uses carbon 
dioxide and ethylene dissolved in ether. He finds that, when he usesf good 
samples of anesthesia ether, these gases are hardly absorbed at all. After 
distillation with potassium permanganate and anhydrous copper sulfate, how-
ever, he finds that large amounts of these gases can be absorbed by the 
ether. This preparation was found to be a powerf~u anesthetic. 
The pure ether was essentially non-irritating. It possessed a 
pleasant odor and stimulating effect. Aldehydes, peroxides, acid~ and water 
were absent. ·When carbon dioxide and ethylene were added to this pure ether, 
the sweet pleasant odor was intensified. This preparation was first tried 
upon animals successfully by Dr. Philip Hamill. It was next tried on about 
100 patients by Dr. Langton Hewer with favorable results. It was further 
found that ethylene, prepared by means of ethyl alcohol and sulfuric acid 
e has a pleasant odor, but the anesthetic power is slight. When the ehhylene 
• 
• 
was prepared from phosphoric acid, however, the pleasant odor is not so 
noticeable, and its action is much reduced when dissolved in ether. Wallis 
found that carbon dioxide had little if anything to do with the production 
of anesthesia, because a mixture of ether and carbon di~xide was found to 
be without anesthetic action. The carbon dioxide does serve to stabilize 
the pure ether, however, since this mixture does not oxidize as easily as 
pure ether alone does. 
It was finally shown, through these researches, that certain ketones 
present in the ether were chiefly responsible for the anesthetic action of 
the ether. Pure ether was prepared and mixed ketones in varying proporti'ons 
were dissolved in it. It was found that the mixtures could produce anesthes-
ia. The anesthetic action was increased when the mixed ketones were treated 
with carbon dioxide and ethylene before dissolving in the pure ether. The 
ketones used were those in the middle of the series. Apparently a loose 
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chem~cal combination exists between these ketones and the carbon dioxide 
and ethylene. The discovery of the importance of these ketones as anesthetic 
agents occurred during the process of ether purification, since it was 
noticed that the pleasant-smelling residue obtained after treating ether 
.. with finely divided permanganate actually contained ketones. This anesthesia 
ether containing mixed ketones, carbon dioxide and ethylene is now being 
manufactured by Savory and Moore of London under the name of "Ethanesal." 
Dr. Langton Hewer141 , who has actually tried out the n~w anesthetic, 
is able to make a report on the first 200 cases. These were nearly all 
hospital patients. The majority of them were at St. Bartholomew's Hospital 
and the Queen 1 s Hospital, Bethnal Green. Brom his experience he summarizes 
the advantages of 'Ethanesal" as follows:- (1) It is less toxic than 
chloroform or ether, and the margin of safety is greater; (2) it is less 
irritating to the respiratory passages than ether, and, consequently; there 
e is less risk of subsequent bronchitis and pneumonia; the induction of anes-
thesia is also rendered easier; (3) post-anesthetic vomiting is less than 
with chloroform or ether; (4) the taste and smell noticed afterwards by the 
patient are very much less than with ether, and are generally entirely ab-
.. 
• 
sent. 
ffottrne and Stehle142 have prepared pure ether by the sodium ethylate 
and ethyl halide method. These authors find that pure ether, contrary to 
the experiences of Ootton and Wallis, does produce anesthesia, and that it 
is more desirable as an anesthetic than ordinary ether • 
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III. gody o~ Dissertation. 
• A. Methods for the Analysis of the Contaminants, Peroxide and Aldehyde. 
1. 'J!.he determination of a quantitative method for the estimation of 
peroxide in ether. 
It was decide d to try a few preliminary experiments with the potass-
ium permanganate method for the analysis of peroxides. In acid solution, 
potassium permanganate reacts with hydrogen peroxide according to the well 
known equation:- 2K Mn04 + 3H2S04 + 5H202 = K2S04 + 2MnS04 + 8H20 + 5@j 
An approximately tenth normal solution of potassium permanganate, 
a solution of hydrogen peroxide in ether (made up by putting 10 CC. of 
commercial 3 per cent hydrogen peroxide into a 100 cc. measuring flask and 
filling it up to the mark with ether, and using the ether phase for the 
analyses), and a sulfuric acid solution (1:4) were prepared. The analysis 
was carried out by putting 10 cc. of the hydrogen peroxide (in ether) solu-
• tion into a beaker, diluting with 300 cc. to 400 cc. of water, adding 20 cc. 
to 30 cc. of the dilute sulfuric acid solution, and titrating with the po-
-
tassium permanganate solution to the appearance of a permanent pink color. 
Three sets of analyses were carried out with ether solutions of different 
hydrogen peroxide content. The two analyses ror each set checked each other 
fairly well. The values following represent cubic centimeters of potassium 
permanganate required for the titrations of each set:-
.L!) 
( 2) 
------------------
First Set Second Set Third Set 
6.50 cc. 7.28 cc. 6.70 cc. 
- - _. ---t---------:----l----=-~=--:::.....::....~___.,l 
6.54 cc. 7.24 cc. 6.60 cc. 
---------
The absolute percentages of hydrogen peroxide were not figured out, 
because the object here was to find a suitable method for peroxide (in ether) 
e analysis. A comparison of values was all that was desired and if check 
results were obtained, the first requisite of a satisractory method would be 
attained. 
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The above values for each set do check each other in a fairly 
satisfactory manner. The method was abandoned, however, for the following 
reasons:-
(1) Since the peroxides present in commercial or anesthesia ethers 
.. are undoubtedly wholly or at least partly present as an organic peroxide 
• 
(or peroxides), whose configuration is still a matter of controversy, it• 
was felt that this peroxide might not react with, or react only slowly with, 
potassium permanganate, and that in order to produce hydrogen peroxide, 
boiling with acids would be necessary, a time-consuming and cumbersome pro-
cedure; (2) Alcohol, acetaldehyde and possibly other oxidizable impurities 
would be affected by the potassium permanganate and an absolute error would 
be introduced, differing with each ether, which would make the apparent 
value for the peroxide content too high. 
The next method to be tried, which eventually proved to be satisfactory 
with certain modifications, was the one in which the peroxide is treated 
with an iodide in acid solution, and the liberated todine is titrated with 
a sodium thiosulfate solution. The advantages of this method are:- (1) 
all peroxides react with potassium iodide in acid solution and liberate 
iodine143 ; (2) alcohol and acetaldehyde, in quantities which would ordinar-
ily occur in anesthesia ether, will have little or no effect on the libera-
tion of iodine, and hence the titrational value of the sodium thiosulfate 
will not be changed by these impurities. 
An approximately tenth normal solution of sodium thiosulfate was 
made up in a three-liter bottle equipped with a Squibb burette. All openings, 
which admit air when the solution is forced from the bottle into the burette, 
.. were equipped with straight tubes filled with soda-lime to prevent the en-
taance of carbon dioxide, which would alter the strength of the solution. 
e After standing a few days, the concentration of the sodium thiosulfate 
solution .was determined by titrating it against a known weight of Merck's 
Blue Label iodine. The concentration of this solution on Feb. 25th, 1922 
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was found to be 0. 015·7 gram of Na2s2 o3 per cc •
144
• 
The procedure to be tried first was the following. A solution of 
hydrogen peroxide in ether was made up, which was employed for a number of 
subsequent procedures. Ten cc. of this hydrogen peroxide solution was 
placed in an Erlenmeyer flask of about 300 cc. Capacity. Fifty cc. of a. 
dilute sulfuric acid solution (made up by adding 100 cc. of concentrated 
95 per cent sulfuric acid to 300 cc. of distilled water) was added. These 
mixtures were allowed to stand for various intervals (5 minutes to lt hours) 
in order to let any organic peroxide (either present originally or which 
might be produced by the action of hydrogen peroxide on ether) form hydrogen 
peroxide. At the end of this interval, 20 cc. of a 5 per cent potassium 
iodide solution and also 100 to 150 cc. of water were added. The iodine 
liberated was then titrated (within 5 minutes) with the sodium thiosulfate 
solution. 145 The following results were obtained :-
10 cc. 
50 cc. 5-10 
(2) Identical with number (1). " 
(3) Identical with number (1). li hours 
1----- ---'--· ------ · - · -- ---- ·--
It was believed that this procedure would not 
20 5% 
give 
cc 
KI 
" 
If 
--
Tit.rational 
Value of 
Na?s2o3 in cc. 
3.53 
3.66 
3.62 
-------
a satisfactory 
result because of the following consideration. If the formula of the organic 
peroxide be represented by Et2o2 , then, when dilute acid is added to ether 
containing this peroxide, the following equilibrium will result after a cer-
tain time interval'- After thiiequilibrium 
has been attained, no further change in the proportion of Et 2o2to H2o2 will 
take place, no matter how long the time interval. Vfuen the potassium iodide 
• solution is added to this mixture, the hydrogen peroxide will liberate iodine 
moderately rapidly according to the well known equatio~ -
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ctnd (2) 2HI .; ~I + 
Now, while reaction (2) goes fairly rapidly, yet the reaction between Et2o2 
and 2HI is much slower. Therefore, if an appreciable quantity of Et2o2 exists 
at equilibrium, then1 upon adding potassium iodide solution and titrating wtkh 
sodium thiosulfate solution, there will be some Et2o2 that will not have had 
time to react with the hydriodic acid to produce iodine, and hence, this 
portion of the peroxide will not be estimated. 
It was believed, therefore, that the original mixture should contain 
the iodide solution ~ogether with the dilute sulfuric acid solution and the 
peroxide {in ether) solution (or unknown ether sample). In this way the 
hydrogen peroxide as fast as formed will react with hydriodic acid, the 
equilibrium will continuously be displaced to the right until the Et2o2 has 
• been entirely converted into ~o2 , and this in turn has reacted to produce 
iodine. Then the thiosulfate solution will react with iodine, which has 
been liberated by the entire peroxide content, and this entire peroxide con-
tent will be estimated. 
-
• 
In accordance with these theoretical considerations just outlined, 
the following procedure was evolved. A mixture of potassium iodide and 
c~~ium iodide solutions146 or Cadmium iodide solution alone was put into 
the Erlenmeyer flask together with 50 cc. of dilute sulfuric acid. '-!· Then tile 
hydrogen peroxide {in ether) solution was added. The mixture was allowed to 
stand for various intervals of time. Water was then added, and the liberated 
iodine was titrated with sodium thiosult'ate. The following results were 
obtained:-
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I 
' 6 
( 1 115 
50 
cc. 
cc. 
cc. 
10 cc. 
Set Up 
of lo% Cdi2 Sol. 
of 5% KI Sol. 
of dilute H2so4 
of H2o2 (in ether) Sol. 
The mixture was allowed to stand 
Iodine was titrated.l47. 
I Iodine was again titrated. 
-- --- -------- -- -- -·· - ·--
1 
10 cc. of lQ% Cdi2 sol. 
I 
(2 )I 50 cc. of dilute H2so4 
10 cc. of H2o2 (in ether) sol. I 
The mixture stood for 25 hours. 
titrated. 
25 brs 
longer 
The mixture stood about 24 hours longer. 
Iodine was again titrated. 
~r----------------
I 
I (3) 
I 
10 cc. of 10% Cdi2 Sol. 
50 cc. of dilute H2So4 
10 cc. of H2o2 (in ether) sol • 
The mixture stood for 24 hours. Iodine 
• was titrated 
Length of Titrational 
time mixture value of Na2s2o3 
_ __ ~too~-- _________ ~IJ. _ _g c_._ 
5 ~15 minutes 
10 minutes 
1 hour 
4.17 
0.62 
0.62 
4.20 
1.53 
0.49 
4.22 
2.52 
I 
I 
! 
The mixture stood about 24 hours longer. I i Iodine was again titrated 
10 cc. of 10% Cdi2 sol. 
50 cc. of dilute H2so4 
10 cc. of H2o2 ( in ether) Sol. 
5 minutes 
!----..;---------------------------· ---·-----1--------- i 
.. 
10 cc. of 10% Cdi2 sol. 
(5)1 50 cc. of dilute H2so4 
10 cc. of H2o2 (in ether) sol. 
10 cc. of lo:6 Cdi2 sol. 
< 6 >I 5o cc. 
• _____ \ :o cc. 
of dilute H~so4 
of H2o2 ( in ether) sol. 
I 
lt hours 
24 hours 
-15-
0.93 
4.83 
6.32 
11.60 
Set Up (Continued) Length of time mixture 
stood 
Titrational 
alue of Na2s2o~ 
in_£9_ .,____ 
e 10 cc. of lo% Cdi2 solution 
(7) 50 cc. of dilute H2so4 
(8) 
10 cc. of H2o2 (in ether) solution. 
-----·· --· -· ---
5 cc. of 10% Cdi2 solution 
10 cc. of 5% KI sol. 
50 cc. of dilute H2so4 
10 cc. of ~02 (in ether) sol. 
10 cc. of 10% Cdi2 sol. 
(9) 50 cc. of dilute H2so4 
10 cc. of H2o2 (in ether) sol. 
5 cc. of 10% Cdi2 sol. 
10 cc. of 5% KI sol. 
(10) 50 cc. of dilute H2so4 
5 minutes 4.00 
I 
10 minutes I 4.02 
-t--------
1 hour 5.26 
1 1/3 hours 5.20 
e 10 cc. of H2o2 (in ether) sol. 
• I 
10 cc. of lo% Cdi2 sol. 
e.2'7 1 
_____ __j 
(11) , 50 cc. of dilute H2so4 
10 cc. of H2o2 (in ether) sol. 
3t hours 
-----·-
The procedure was slightly modified for the next two set-ups, in 
that the tblbdide was allowed to stand with the hydrogen peroxide (in ether) 
solution for a wbme. Sulfuric acid was then added and the titration was 
carried out • 
10 cc. of lo% Cdi2 sol. 
10 cc. of H2o2 (in ether) sol. 
(l2 ) After standing 3i hours, 50 cc. of dilute 
H2SO~ was added. 
5 cc • 
10 cc. ( 13) 
10 cc. 
of 10% Cdi2 sol. 
of 5% KI sol. 
of H2o2 (in ether) sol. 
fter standing 3! hours, 50 cc. of dilute 
3t hours 
3! hours 
1.05 
End-Point was 
overate ed. 
0.34 
J_ 
H2So4 was added 
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It was quite evident from these two set-ups that this procedure did 
not estimate all of the peroxide present. It was therefore discarded • 
• For the next set up, about 1 gram of ferrous anunonium sulfate was 
148 ~dad--:-"" --- ----------
1 1set Up 5 cc. of Cdi2 sol. I 10 cc. of 5% KI sol. 
Titr ational 
Length of Value of 
time mixture 
stood Na2S2°3 in c ~ 
I 50 cc. of dilute H2so4 I 10 ee; of H2o2 (in ether) sol. 
( 14) 
About 1 gram of ferrous ammonium sulfate was now 
added. No color developed in 5 minutes 
The mixture stood 24 hours. The iodine liberate~ 
was titrated 
The mixture stood 24 hours longer. The iodine 
was again titrated. 
, The mixture again stood 24 hours. The iddine 
i was again titrated 
10 minutes 4.55 
0.83 
0.89 
0.80 
··----------------------1-- -- ---
• 
For the next four set-ups, benzol was added149 :-
t -- - ~--· ·-! 10 cc. of lo% Cdi2 sol. 
~ 50 cc. of dilute H2so4 
I ( 15 ) I 10 of H202 (in ether) cc. sol. 24 hours 8.43 
I I 
I ! The mixtU!!'e stood 24 hours longer. The iodine I 
was titrated. 0.41 
The mixture stood 24 hours longer. The iodine 
I was titrated 0.16 I 
-
5 cc. o:f lo% Cdi2 sol. 
10 cc. of 5% KI sol. 
50 cc • of dilute H2so4 24 hours 11.67 
• t ( 16) 10 cc. of H2o2 . ( in ether ) sol. 
' The mixture stood 24 hours longer. The iodine 
was titrated. 0.38 
• The mixture stood 24 hours longer. The iodine titrated. 0.21 
--
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Length of Titration al 
Set Up time mixture Value of 
stood Na2s2o3 I 
-
-Il 1"1" 10 cc. of 10% Cdi2 sol. 
ll7) ! 
50 cc. of dilute H2so4 
10 cc. of (in ether) sol. 41:3 hours 10.1:33 I r I ~02 
- The mixture stood 24 hours longer. No iodine r---
was liberated. o.oo 
-·· -·-· -
- ~ 
10 cc. of l.o% Cdi2 sol. 
50 cc. of dilute H2so4 c:48 hours 12.26 
(18) 10 cc. of H2o2 (in ether) sol. . 
The mixture stood 24 hours longer. No iodine 
was liberated. o.oo 
-
, ___ 
--·--
The next three set-ups indicate the relation between the iodide 
(or iodides) employed with the acid and the quantity of iodine liberated:-
r-- ·---- ·- ----------~-· - - ·-Set Up Length of time Mixture stood Titrational Value of .Na2S203 
_ in _ c_c'--".- -1 
\.....1 
' '--' 
(].) 
( 2) 
( 3) 
20 cc. of 5% KI-s01. 
40 cc. of dilute H2so4 
10 cc. of 10% Cdi2 sol. 
40 cc. of dilute H2so4 
5 cc. of lo% Cdi2 sol. 
10 cc. of 5% KI sol. 
40 cc. ot dilute H2so4 
2f hours 
------
3 hours 
3 hours 
-- ·--+------ --
0.69 
0.16 
0.18 
From the experimental results so far carried out, the peroxide value 
could probably be calculated without a very serious absolute error from a 
value of the thiosulfate solution somewhere between 3.50 and 14.50 cc. The 
higher values undoubtedly represent an increased iodine production from 
oxidation of hydriodic acid by the oxygen o1' the air. Evidence, bearing out 
this contention, is afforded by the 1'act that, of tP.ose individual set-ups 
where benzol was used, the highest titrational value at the 'end of 24 hours 
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(after one titration had been made) was 0.41 cc. of sodium thiosulfate, 
and in the case of two set-ups to which benzol was added, no iodine what-
ever was liberated, making a titrational value of' o.oo @C. of sodium 
thiosulfate; while of those set-ups, where benzol was not added, the lowest 
titrational value at the end of 24 hours (after one titration had been made) 
was 0.49 cc. of sodium thiosulfate. This value is higher than the highest 
value in the previous cases where benzol was added. The interpretation of 
these results is given in the following way. The benzol becomes the top 
phase when it is added. It acts as a seal and prevents, to some extent, 
the air from coming in contact with the hydriodic acid. 
It has been shown that a cadmium and potassium iodide mixture, or 
cadmium iodide alone, liberates less iodine in the presence of acid than 
potassium iodide in the presence of acid. For all subsequent work, there-
fore, a mixed cadmium and potassium iodide solution is employed, made up 
e by mixing a 5 per cent cadmium iodide solution with a 5% solution of ~otassium 
iodide. 
• 
• 
With the first · set-ups, the ether rormed the upper phase of a two 
phase system, and the iodine liberated was contained chiefly in this upper 
ether phase. At first, a s t arch solution was employed, but later on this 
was given up. A good deal of difficulty was encountered in making the 
titrations. The starch solution did not immediately produce the character-
istic dark blue color with iodine. It did appear after considerable shaking, 
however. Moreove~the iodine was deposited on the sides of the flask and 
adhered quite tenaciously during the titration. The method was, accordingly, 
not satisfactory • 
For the latter set-ups benzol was added to see if it would be of any 
use in the titrations. It did dissolve the ether and iodine to a large ex-
tent, and in some ways the modified method was an i mprovement over the earl-
ier one. 
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I 
I 
l 
-
' • 
I 
l 
It was decided to try the effect of adding chloroform to f a cilitate 
the titration. In some cases a few cc. of a 5 per cent ferrous ammonium 
sulfate solution was also added. The 1'ollowing results were obta ined:-
l 
(1) 
( 2) 
( 3) 
I 
I 
(4) 
( 5) 
Set up 
---20 cc. of 5% aqueous Cdi2 , KI so 1-. ------
50 cc. of dilute H2so4 
10 cc. of ~02 (in ether) sol.l50. 
10 cc. of 5% ferrous ammonium sulfate 
20 cc. of CHC 13 was added at the time 
of the titration. 
20 cc. 
50 cc. 
10 cc. 
10 cc. 
20 cc • 
the 
--
20 cc. 
50 cc. 
10 cc. 
10 cc. 
of 5% aqueous Cdi2 , KI sol. 
of dilute H2so4 
of ~02 (in ether) sol. 
of 5% ferrous ammonium sulfate 
of CHCl~ was added at the time 
titration • 
of 5% aqueous Cdi2 , KI sol. 
of dilute H2so4 
of H202 (in ether) sol. 
of 5% ferrous ammonium sulfate 
sol. 
sol. 
of 
sol. 
50 cc. of CHCl! was added at the time of 
the titrat on 
20 cc. of 5% aqueous Cdi2 , KI sol. 
50 cc. of dilute ~so4 
10 cc. of H202 (in ether) sol. 
10 cc. of 5% ferrous ammonium sulfate sol. 
50 cc. of CHCl~ was added at the time of 
the titrat on 
20 cc. of 5% aqueous Cdi2 , KI Sol. 
50 cc. of dilute H2so4 
10 cc. of H202 (in ether) sol. 
10 cc. of 5% ferrous ammonium sulfate sol. 
50 cc. of CHCl~ was added at the time of 
the titrat on 
---- ----- ~ - ------·---
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I 
! 
i 
' 
I 
' 
~ 
Length of 
t i me mixture 
stood 
Titrational 
Value of 
Na2s2o3 
in cc. 
13 minutes 2.19 
le minutes 
30 minutes 
51 minutes 
69 minutes 
-------·-
---
t 
The end-point 
was oversteppe< 
1.84 
I 
I 
! 
I 
I 
. 
t 
! 1.88 
! 
3.66 
4.45 
- ---- ~--
n I , 
! I 
I 
• 
-
( 6) 
l 
" 
j 
( '7 ) ! 
( 8) ; 
( 9 ) 
(10) 
(11) 
--------~- --- -- --- -------__ ___, 
Set Up 
20 cc. of -5% aqueo;_s -- Cd-I~, KI sol • 
50 cc. of dilute H2so4 
10 cc. of H2o2 (in ether) sol. 
10 cc. of 5% ferrous ammonium sulfate sol. 
50 cc of CHC13 was added at the time of 
the titration. 
Length of 
time mixture 
stood 
Titrational 
Value of 
Na2s2o3 
4--------------+--~i~n c~J--
I 
I 
12 minutes l 2.10 
i 
I 
I 
- -------------------------------~--------------r-----------~ 
20 cc. of 5% aqueous Cdi2 , KI sol. 
· 50 cc. of dilute H2so4 
10 ec. of H2o2 (in ether) sol. 
10 cc. of 5% ferrous ammonium sulfate sol. 
50 cc. of CHC13 was added at the time of the titration 
20 cc. of 5% aqueous Cdi2, KI sol. 
50 cc. of dilute ~so4 
10 cc. of H2o2 (in ether) sol. 
10 cc. of 5% ferrous ammonium sulfate sol. 
50 cc. o1' CHC13 was added at the time of the titration. · 
----------
20 cc. of 5% aqueous Cdi2 , II sol. 
50 cc. of dilute ~so4 
10 cc. of H2o2 (in ether) sol. 
50 cc. of CHC13 was added at the time of the titration. 
20 cc. of 5% aqueous Cdi2 , KI sol. 
50 cc. of dilute H2so4 
10 cc. of H2o2 (in ether) sol. 
50 cc. of CHC13 was added at the time of the titration. 
20 cc. of 5% aqueous Cdi2 , KI sol. 
of dilute H2so4 50 cc. 
10 cc. of H202 (in ether) sol. 
10 cc. of 
I 
-+-
1 
i 
I 
31 minutes -1 5.38 
3'7 minutes 5.93 
15 minutes 
24 minutes 5.28 
I 
-~ 
6 minutes 1.32 
5% ferrous ammonium sulfate sol. 
L .L------------ ---·---. --* -·---~---· -·- ---------------------' 
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• 
The chloroform apparently has very little, if any, ultimate effect 
on the titrational value. The chloroform became the lower phase of the two 
phase system and collected to a large extent the ether and iodine. One ser-
.ious disadvantage conneefied with the addition ot' either benzol or chloroform 
- is the ±'act that during the titration and especially toward the end of the 
• 
• 
• 
titration, the end-point may be easily overstepped before one realizes that 
the end-point has been reached. The reason for this is that the sodium 
thiosulfate solution dissolves largely 11' not exclusively in the aqueous 
solution phase, while the iodine dissolves very largely in the benzol or 
chloroform phase depending upon which has been added. This means that the 
thiosulfate can only act to any considerable extent at the interface bet'ween 
the two phases. The flask must therefore be continuously shakan toward the 
end of the titration, and even then the reaction is slow1necessitating rather 
long ttme intervals between the additions of successive drops of thiosulfate. 
If this precaution is not observed, the end-point is almost certain to be 
overstepped. The use of chloroform as well as that oi' benzol, was therefore 
/ J 
discarded. 
From the results obtained, the only influence that ferrous ammonium 
sulfate exerts is the following. With short time intervals, that is, less 
than half an hour, the ferrous ammonium sulfate slows the reaction, appar-
ently acting as a negative catalyst. With time intervals of more than one-
half hour, the titrational value of thiosulfate solution, when ferrous ammon-
ium sulfate is present, averages up fairly well with those values obtained 
where ferrous ammonium sulfate was not present, the average being somewhere 
between 4.00 and 5.50 cc. of thiosulfate solution. This was just the effect 
which was ~ desired, so that the use of ferrous ammonium sulfate was 
stopped from this point on • 
The analyses, up to this point, all involved a two phase system, 
which was distinctly a disadvantag~. Dr. Rowe suggested that, if it were 
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possible, a one phase system should be produced. With this idea in view, 
several set-ups were tried out before one was finally obta i ned, which 
proved satisfactory. 
A third solution of hydrogen peroxide in ether, a 25 per cent tri-
chlor acetic acid solution, and an alcoholic cadmium and potassium iodide 
solution were made up. A one phase system was produced in the following 
~~.afL~ps_: -
I Set up 
20 cc. 
(1) 30 cc. 
10 cc. 
of an alcoholic Cdi2 , KI sol. 
of 25% 0013 COOH sol. 
- -- ----· Titra1t.ional 
value of 
Length of 
time mixture 
stood Na2::>2o3 
--------------~-- in cc. 
4 minutes 3.36 
of H2o2 (in ether) sol. 
------
'-- --l'-
1 ( 2) Identical with no. ( 1) 4 minutes 2.15 
• 
• 
• 
---~4-------------------------------------~-----~----------------r---------------~ 
(3) Identical with no. (1) 4 minutes 1.93 
\._ ' - --!·----------- ------------+----------+---~-----' 
After these titrations were made, iodine was still being liberated • 
The titrations, moreover, did not check each other. The method did not look I 
promising, and it was, therefore, discarded. 
Three more trials were made as follows, all producing one phase 
n..systems: - ..J 
- Lehgt !i or 
time mixture 
s_t_oo_d 
-'I'itrational"'-
. value of Set up 
I 
I 
20 cc. of an alcoholic Cdi2, KI sol. 
( 1) 30 cc. of dilute H2so4 
.I I H2o2 (in ether) sol. I 10 cc. 01' 
10 minutes 
_ Na2s2o3 __ _ ~
5.23 
- - ------------~ 
20 cc. of an alcoholic Cd!2 , KI sol. 
(2) 30 cc. of a dilute CH3COOH sol. 10 minutes 1.77 
10 cc. of H2o2 (in ether) sol. 
1----~-----------------------------------------~---------------r---------------
20 cc. of an alcoholic Cdi2 , KI sol. I 
I ( 3) 20 cc • of a 5o% H3 PO 4 so 1 • j 
110 cc. of H2o2 (in ether) sol. I I 
---------------------------------------- -
17 minutes 3.13 
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Of the three trials, the first is the most promising. The values 
e are all too low, it being shown subsequently that the true value was in the 
neighborhood of 4.00 to 4.50 cc. of sodium thiosulfate, yet the first will 
• 
I 
I 
give approximately the correct value if given more time. The second one is 
entirely too low. Apparently acetic acid is too weak to be effective for 
the analysis. The third one is better, but is still too low. Moreover, a 
yellow precipitate forms at first (probably Cd3 (P04) 2 ), which is not desirable. 
From this point on, dilute sulfuric acid is used to acidify the solution. 
The next few set-ups seem to indicate that dilute sulfuric acid in 
(6) 1 Identical 
( 7) ! Identical 
(8) Identical 
~5 cc-.o f 
( 9) 25 ec. of 
10 cc. of 
~ -
Qi.ng_t _o w...o.rk_ o t_q~it..ELw~~l ;-- ---~ -~-=--------t 
Titrational 
Length of value of 
time mixture Na
2
s
2
o
3 
--1-- - - -=S..:::t ..:::O..;::;O.::=.d :-.-_t---- ·in C C • 
10-20 minutes 4.96 
-- ----·----+--------------+ 
22 minutes 4.23 
25 mi nutes 4.29 
--~-----+- - ~- ----;----------+ 
28 minutes I 4 o4l 
End-point slightly 
________ _,.~o~v~e ~ad. 
an alcoholic--Cdi2 , KI -sol:--------~ ""'-""----- --1 
dilute H2so4 20 minutes 3.82 
H2o2 (in ether) sol. 
(10) Identical with no. (9) 25 minutes 4.13 
--- ------------------·-'1---------------t------------l 
28 minutes 4.09 (11) Identical with no. (9) .. _____________________________________ ~ __ 
I (12) Identical with no. (9) 15 minutes 4.60 
- ---'---,---'--- - -------------·----·-· - - . --!---~-----·-·- ---- - . ·-· - ------;. 
(13) i Identical with no. (9) 19 minutes 
• 
4.71 
End-point slightly 
1 
overstepped 
~----~------------------------+-------··-------r--------~~-- -[ Identiea~-with no. (9) 19 minutes 4.59 
·--
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Now, these determinations were not all done on the same day. If 
the determinations, which were done on the same day and approximately at 
the same time, are grouped together as follows:- (1),(2); (3),(4),(5), 
(6),(7),(8); (9), (10),(11); (12), (13),(14); it is found that moderately 
11 good agreement results. The discrepancies resulting among the sets for 
different days may perhaps be explained on the basis of chemical changes 
taking place within the ether solution, or dissolved oxygen. For any given 
series, it is to be observed that there is a tendency for an increased 
• 
• 
iodine production with the increased t -ime. 
Subsequently, it was definitely proved that the quantity of iodine, 
produced by a given reaction mixture is a function of the time interval. 
It was next thought that it would be desirable to make up two so-
lutions of hydrogen peroxide of essentially the same concentration, one an 
aqueous solution and the other an alcoholic (95%) one, in order to throw 
further light on the method being worked out. For the aqueous solution, 
5 cc. of a 3 per cent hydrogen peroxide solution was put into a 250 cc. 
volumetric flask and distilled water was added in order to make a total vol-
ume of 250 cc •• The alcoholic solution was ma de up by putting 5 cc. of a 
3 per cent hydrogen peroxide solution into a 250 cc. volumetric flask and 
making up to the mark with alcoholl52. The following results were obtained:-
-- - -
Set up 
25 cc. of a 5% a queous Cdi2 , 
( 1) 25 cc. of dilute H2so4 
10 cc. of H202 (i n water) sol. 
-------
25 cc. of a 5% a 
(2) SO cc. of dilute 
10 cc. of H2o2 (i 
queous Cdi2, 
H2so4 
n 
(3) Identical with no 
(4) Identical with no 
(5) Identical with no 
. 
. 
• 
water) 
( 1 ) 
( 1) 
( 1) 
sol. 
- -- - ---
Length of 
time mixture 
stood 
KI s_ol. 
e minutes 
KI sol. 
9 minutes 
9 minutes 
-- 1·-----· 
27 minutes 
- ___ I_ 
42 minutes 
-46-
Titrational 
value of 
Na2s2o3 
in cc , 
3.47 
-
3.51 
-
·--
3.51 
-
3.60 
-
---
--
3.68 J ----______ _._ 
I 
I 
!. 
• 
I 
• I 
I 
I --- - -Length of Titrational Set Up time mixture value of 
stood Na2s2o3 ,_ 
- 26 )cc. of an alcoholic Cdi2, KI sol. in cc T 
( 6} 25 cc. of dilute H2so4 11 minutes 3.75 
10 cc. of H2o2 (in alcohol} sol. 
--
(7) Identical with no. ( 6} 17 minutes 3.98 
-----
(8} Identical with no. ( 6) 24 minutes 4 .{)5 
It was observed that, with the last three set-ups where the alcoholic 
cadmium and potassium iodide solution was used, this alcoholic mixed iodide 
solution was not colorless. Some iodine had been liberated on standing in 
the laboratory. This fact accounts largely for the higher tttrational values 
of sodium thiosulfate. Since this alcoholic mixed iodide solution is un-
stable , it was decided that its use must be abandoned. 
From this point on a 5 per cent aqueous mixed cadmium and potassium 
iodide solution was employed in all peroxide analyses. In order to compare 
the merits of glacial acetic acid and 95 per cent alcohol, purified by means 
of meta phenylene diamine hydrochloride, the f o llowing experiments were tried:-
25 
25 
( 1) j 
i 
10 
I 
I 
---- - - --
Set up 
cc. of a 5% aqueous Cdi2 , KI 
cc. of dilute H2so4 
cc. of ether (distilled over 
diamine hydrochloridel53) 
cc. of 
s ol.-
Length of Trt:bational 
time mixture value of 
-·-----a~QO~-----r~Na2S203 
in qc. 
meta-phenylene 
15 minutes 4.33 
~~ --r---- - -25 
glacial CH3COOH I 
I 10 cc. of H2o2 (in alcohol) sol. 
(2) Identical with no. (1) lB minutes · 4.36 
~----~---------------------------------------------;--------------~-----------·-
• I ( 3) 
25 cc. 
25 cc. 
of a 5% aqueous Cdi2 , KI sol. 
of dilute ~so4 
\ 10 cc. ot' ether (distilled over meta-phenylene 
1 diamine hydrochloride) 
I 25 cc. of 
lene 
10 cc. of 
alcohol (distilled over 
dia~ine hydrochloride) 
H2o2 (in alcohol) sol. 
meta-pheny-
20 minutes 
( 4 ) \ !dent ic a 1 with ~o • ~; 3~ -_ -~ ----~ _ _ _-_-1 - 23 minutes 
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4.51 
4.58 
-i' 
' 
Length of Titrational I value of Set up time mixture 
stood Na1s2o3 _ n cc. ,________ _ ___._ _____ 
5% aqueous 
• 
25 cc • ot· a Cdi2 , KI sol. 
(5) 25 cc. of dilute H2so4 26 minutes 3.61 
10 cc. of H2o2 (in alcohol) sol. I 
--
• I ( 6) Identical with no. ( 5) 29 minutes 3.55 
I 25 cc. of a 5% aqueous Cdi2 , KI sol. (7) 25 cc. of' dilute H2so4 11 minutes 3.60 
I 25 cc. of glacial CH3COOH 
I 10 cc. of n2o2 (in alcohol) sol. 
( 8) Identical with no (7) 17 minutes 3.61 
25 cc. of a 5% aqueous Cdi2 , KI sol. 
( 9) 25 cc. of dilute H2so4 20 minutes 3.58 
! 25 cc. of alcohol (distilled over meta-
110 
phenylene dismine hydrochloride) 
cc. of H202 (in alcohol) sol. 
--
• 
( 10) l Identical with no. ( 9) 21 minutes 3.63 
I 3~ (ll) : Identical with no. (9) 22 minutes 
·------( 12 ) I Identical with no. ( 9) 9 minutes 3.70 
I -- ·--I 
with no. ( 9) 16 minutes (13) Identical 3.73 
- --
with no. ( 9) 18 minutes 3.83 ~· { 14) l Identical :- . -·-( 9) 
-
• 
(15) Identical with no. 6 minutes 3.56 
-----
1·-{ 16) Identical with no. ( 9) 5 minutes 3.58 
----- -- ·-- ---
. 
_ j __ 
--
Where the glacial acetic acid was used to produce a one phase system, 
as in (1),{2),(7), and (8), it was found that a slightly greater quantity 
of iodine was produced before the addition of the hydrogen peroxide solution, 
than in ( 3), ( 4), ( 9), ( 10), and ( 11) where alcohol was used to produce this 
one phase system. It was decided, therefore, to use alcohol for this purpose 
in all the following work • 
The re sults were not all obtained on the same day. This fact will 
account for differences in results in some of the identical set-ups. Those 
-48-
• 
sets, which were done_ approximately simultaneously, are separated as follows 
by semi-colons:- (1),(2),(3),(4),(5),(6),(7),(8),(9),(10), and (11); 
(13), and (14); (15) and (16). 
( 12), 
At this time, it was considered worth while to see how many cubic 
.. centimeters of the sodium thiosulfate so1utio!5~hould be required to titrate 
the tOdine liberated from 10 cc. _of the hydrogen peroxide solutions in water 
and also in alcoho1155 • On the assumption that the original commercial 
hydrogen peroxide solution was a 3 per cent one, then 10 cc. of the aqueous 
or alcoholic solutions (the directions for preparing have previously been 
g iven) would require 3.8 oc. of the sodium thiosulfate solution. 
At this time, it was thought that, in order to get the titrations 
to check better and thus decrease a rather high percentage error, (1) a 
thiosulfate solution of lower concentration, and (2) a larger sample of ether, 
could well be adopted. With regard to the first, however, it is probabl 
• that the gain obtained by closer checking titrational values (with a decreased 
percentage error), would be largely if not entirely offset by the changes in 
strength of the thiosulfate solution (since a given absolute change in strength 
wdulB represent a larger percentage change than with the more concentrated 
I 
-
• 
solution). It was decided, therefore, to continue the work with an approx-
imately tenth normal solution. With regard to the second point, the use of 
more ether was tried out, according to the following set-up:-
!--- ------ --------------- ----
25 cc. of a 5% aqueous Cdi2 , KI sol. 
25 cc. of dilute H2so4 
25 co. of alcohol (distilled over meta phenylene diamine 
hydrochloride). 
20 cc. _of an ether sample. 
I 
It was found that this set-up formed a two phase system. In order 
to form a one phase system with 20 cc. of ether, one must decrease the 
quantity of acid solution, or of mixed iodide solution, or both; or else 
increase the quantity of alcohol. It is not desirable to have too large a 
-49-
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• 
quantity of alcohol present, because this contains a small amount of per-
oxide, and while a control is employed in subsequent work, it was felt that 
it was not a good plan to have too much peroxide contamination outside of 
the ether sample itself156 • It was decided, therefore, to continue the 
work with a lOcc. sample. The quantities of the reagents were changed 
slightly in order to make certain that a one phase system would always re-
sult. The set..:jups finally decided upon for the work are shown as follows: 
-------
Control Sample 
15 cc. of a 5% aqueous Cdi2 , KI sol. 15 cc. of a 5% aqueous"Cdi2 , KI sol. 
15 cc. of dilute H2so4 15 cc. of' dilute H2so4 
25 cc. alcohol (purified as before)l57 25 cc. alcohol {purified as before)l57 
10 cc. of the ether sample. 
In the meantime, a colorimetric method for peroxide estimation was 
considered. The iodine liberated from the peroxide present in an ether 
sample would be compared with the j~dine liberated from a similar set-up of 
the same volume containing a certain number of cubic centimeters of a 
hydrogen peroxide solution of known concentration. The latter would serve 
as the standard. for color comparisons. The solution of hydrogen peroxide 
to be used as a standard was an aqueous one. It was found that the iodine 
production took place much more slowly with the sample set-up than with the 
standard set-up. This was undoubtedly due to the fact that the organic 
peroxide decomposes an acidified iodide solution more slowly than hydrogen 
peroxide does. This, perhaps, could have been partly remedied by making up 
the standard peroxide solution in ether instead of water. Yet even in ether, 
the hydrogen ~~roxide would probably react more rapidly than the organic 
peroxide of the ether sample. To make the ideal standard, the organic 
peroxide occurring in ether should be weighed out into a certain quantity 
of ether, so that its concentration would be gnown. This organic peroxide, 
is not, untortunately, definitely known, and while the concentration of 
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organic peroxide in an ether could be determined by titration with thios-
ulfate solution, so that it might serve as a standard, it was felt that a 
colorimetric method would be thus more or less indirect, and much more 
troublesome and cumbersome • It was decided, therefore, that the titrational 
method with sodium thiosulfate is the most satist·actory. 
used in al~ the following work. 
This method is 
As has been previously indicated, the time f actor in hydrogen per-
oxide estimationSis extremely important. It has been shown that, with in-
creasing time intervals, the titrational values of sodium thiosulrate de~­
initely and unmistakably increase. The work next to be taken up involves 
the speed of the reaction for the production of iodine 1'or the ether samples 
a s well as controls for definite time intervals. By means of this work, one 
can tell approximately the time necessary for the organic peroxide to react 
completely with the hydriodic acid. Since the set-ups for the controls are 
e all identical with each other, and since the set-ups for the samples are all 
identical with each other, the plan of each is given as follows:-
Control Sa-r'l'l le, ..• 
---
15 cc. of a 5% aqueous Cdi2 , KI sol. 15 cc. of a 5% aqueous Cdi2 , KI sol. 
15 cc. of dilute H2so4 15 cc. of dilute H2so4 
25 cc. of alcohol158 • 25 cc. of alcohol158 • 
10 cc. of the ether sample. 
-
-- - --- -
The same plan is used throughout in all the work i'ollowing,on peroxide 
analysis159 • For the first set, the results .tollowl60. 
• 
I t-- - -----Approximat time interv (minutes). 
-- ~---- - -- --- -· -----
e Control Colunm Sample column 
al and no. of cc. o1· Na2s2o3 and no. ot' cc. of Na2s2o3 
( 1) 15 Control:- 0.96 Sample:- 1.19 
-
---- - -- - - --{2) 30 Control:- 1.53 Sample:- 1.95 
-
f ~ 
4 { 3) 45 Control:- l.e4 Sample:- 2.20 
---- - - - -- -
- --- · -- - - ---
-51-
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If the _ corresponding control values are subtracted from the sample 
values, the titratl onal value representing the peroxide content of the ether 
for sample (1) is Q.23; for sample (2) it is 0.42; and for sample (3) it 
is 0.36. 
For the second set, the following results were obtainedl60,161:-
r-- ------ -·--- -. --- ------· - ~ ~ ·-·- -· 
Appl"'OXimate Control Colunm Sample Column 
time interval and no. of cc. of Na2s2o3 and no. of cc. of' Na 2s2o3 (minutes) 
- -- -·- -
( 1 ) 15 Control:- 0.29 Sample:- 0.55 
(2) 30 Control:- 0.70 Sample:- 1.18 
1---
-
·~ 
(3) 45 Control:- 0.95 Sample:- 1.55 
(4) 60 Control:- 1.33 Sample:- 1.76 
-·-·-
1-~ - - - - --- - - --
If the control values are subtracted from the sample values, the 
titrational value for sample (1) is 0.26; for sample (2} it is 0.4e; for 
sample (3), 0.60; and for sample (4), 0.43. 
For the third set,the following results were obtainedl60:-
·-
-
-
- -
Approximate Control Colunm Sample Column 
time interval and no. of cc. of Na2s2o3 and no. of cc. of Na 2s 2o3 (minutes) 
- -----------
r----- --- -
( 1) 15 Control:- 0 .~26 Sample:- 0.68 
(2) 30 Control:- 0.51 Sample:- 1.09 
(3) 45 Control:- 0.66 Sample:- 1.26 
-- --- --·---- -------
-----1--· -------- .. -
(4) 60 Control:- 0.73 Sample:- 1.25 
-
----- - -
If the control values are subtracted from the sample values, the 
titrational value for sample (1) is 0.42; for sample (2), 0.58; for sample 
(3), 0.60; and for sample (4), 0.52. 
For the fourth set, the !"allowing values were obtainedl62 :-
pproximate Control Column 
time interval · and no. of cc. 
(minutes) of Na2s 2o3 
(1 15 Control 0.14 
--
(2 30 Control 0.15 
45 Control 0.13 
-
60 Control 0.15 
120 C: ontrol ·-- o~Is-
Sample Column Sample column Sample column 
and no. of cc. and no. of cc. and no. of cc. 
of Na2s 2o3 of Na2s2o3 of Na2s 2o3 
~ampl~_: ~ _9~2 0.21 Sam le:- 0.20 
Sample:- 0.24 0.27 Sample:- 0 .23 
- -·- -·· 
§a.r~ple_ : :- 0.29 _Sample:- 0.24 
_sawJ.e:- 0.28 
Sample:- 0.30 Sample:- 0.23 Sample:- 0.29 
Sample:- -(f.46 S ample:- 0 ~50 Sample:- 0.60 
- -
-fl2. 
• 
• 
The following figures are obtained when the control values are 
subtracted from the sample values:-
True titrational values (3 sets) for the 10 cc. ether sample. 
--- -------- - -
(1) o.os 0.07 0.06 
---~ 
-- ---,--- -
(2) 0.09 0.12 0.08 
----- - ·-(3) 0.16 0.11 0.15 
I ::~= 0.15 -- 0.28 0.08 0.14 - --0 ... 32 0.42 
-
For the fifth set the following re sults were obtainedl63:- · 
.. 
-
-- -- --
@proximate Control column S!llltlple column Sample colunm Sample column 
me interval and no. of cc. and no. of cc. and no. of cc. and no. of cc. (minutes) of Na2s2o3 of Na2s2o3 of Na2s2o3 of Na2s2o3 
1--- ·-
-
- - ---
-- ·-~----
-
• 
(1) 15 Control:- 0.06 Sample:- 2.45 Sample:- 2.52 Sample:- 2.52 
-- -(2) 30 Control:- 0.04 Sample:- 2.44 Sample:- 2.47 Sample:- 2.53 
(3) 45 Control:- 0.09 Sample:- 2.58 Sample:- 2.45 Sample:- 2.58 
' 
--
- --
< 4 >I 60 Control:- 0.10 Sample:- 2.60 Sample:- 2.47 Sample:- 2.50 
( 5 >: 120 Control:- 0.21 Sample:- 2.55 Sample:- 2.61 Sample:- 2.55 
-
------ --- - - --
The following figures ar.e obtained when the control values are sub-
tracted from the sample values:-
True titrational values (3 sets} for the 10 cc. ether sample. 
.. 
- - ·--
( 1 ) 2.39 2.46 2.46 
(2) 2.40 2.43 2.49 
( 3) 2.49 2.36 2.49 
---( 4) 2.50 2.37 2.40 
-- ----- -( 5) 2.34 2.40 2.34 
- -- -----
It For the sixth set the following results were obtained163:-
lt 1 ns•l te 
ti '!if! 'W''i SiBilllil ib 
e (rn1rwies 
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Control col Sample column 
and no. of cc •. aad no of cc. 
of Na2s 2o3 of Na2s 2o3 
Sample column 
and no of .cc. 
of Na2s2o3 
Sample Colunm 
and no. of cc. 
~~N~_2s_2~g_ 
( 1 )1 5 Sample :- 2 .10 Sample :- 2 .14 ~~~----~----~--------------+--- .~----------r-------------
(2 10 Sample:- 2.30 Sample:- 2.28 
-------
• (3 15 Control:- 0.07 Sample:- 2.42 Sample:- 2.38 Sample:- 2.45 
----+-- ·---+--(4 30 Sample:- 2.45 Sample:- 2.45 
(5 45 Control:- Sample:- 2.49 Sample:- 2.50 Sample:- 2.49 
-- --- ------+--(6 60 Control:- 0.09 Sample:- 2.56 Sample:- 2.48 Sample:- 2.53 
!----4-------+------~-~-+--- ~-~~----(7 120 Control:- 0.17 Sample:- 2.53 
• 
I 
. 
------- --J 
Unfo~unauely, controls were not run for the samp les for the 5 and 
10 minute intervals. If, however, the value 0.07 is used for the s e samples 
(a value somewhat too high), the following results are obtained when the 
control values are subtracted from the sample values:-
True t;;itrational valll,es (3 sets) for the 10 cc. e t h er sample: 
I '1 > I --
~ 
2.03 
-
2. 
-
07 
21 
) 
,.· 
I (4) 
I 
I ( 5) 
l (6) 
( 7) 
2.23 
2.35 
I 2.36 
I 
- -I 2.39 I 
2.4'1 
-
2.36 
2. 
2. 
f-.--· -
2. 
2. 
2. 
-- -
31 
36 
40 
39 
2.38 
2.36 
2.39 
2.44 
-~~---·- - ------+ 
For the seventh set the following results were obtained164:-
-
-- ·- -. - - -- -
ciJ'Droximate ContDol column Sample c olumn Sample c olumn Sample column 
me interval and no. of cc. and no. of cc. and no. of cc. and no. of cc. (minutes) of Na2s 2o3 of Na2s2o3 of Na2s2o3 of Na9S~p?> 
~ 
(1 15 Control:- 0.06 Sample:- 16.20 Sample: 16.91 Sample: 15.68 
-
----(2) 30 I Control:- 0.08 Sample:- 17.63 Sample: 17.82 Sample: 17.98 
-
- I -. - · -( 3) 45 Control:- 0.09 Sample:- 18.24 Sample: 18.16 Sample: 18.65 
60--=~ - ~ontr~i-:~ - - 1- - - ------ ·- -- -(4) 0.11 Sample:- 18.45 Sample: 18.48 Sample: 18.54 
-
·-
---
-54-
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The following figur~s are obtained when the control values are 
subtracted from the sample values:-
True titrational values (3 sets) for the 10 cc. ether vample. [ - - ----.---r-- ----(( 1) 16.14 16.85 15.62 
---
b-
( 2) 17.55 17.74 17.90 
(3) 18.15 18.07 
I 
18.56 I 
-
( 4) 18.34 18.37 18.43 J 
---·· -
In this work the temperature was in the neighborhood of 22° to 25° 6;. 
The tvidence seems to justify the conclusion that, at room temperature, the 
organic peroxide has completely reacted with the hydriodic acid to produce 
iodine in the neighborhood of 15 minutes for ether samples containing small 
quantities of this organic peroxide. For ether samples containing larger 
quantities of peroxide, as for example the ether in the seventh set, a 
longer time interval (perhaps 45 to 60 minutes) seems to be necessary. In 
this investigation, the attention is directed, primarily toward anesthesia 
ethers, whose peroxide content is usually small. In the analyseis, then, 
of anesthesia ~ers for peroxide content to be given presently, and in all 
the following work on peroxide analysis, a time interval of 15 to 30 minutes 
is allowed. In the later analyses, the mixtures were allowed to stand, al-
most exclusively for a time interval of 30 minutes. 
The following results have been obtained from analyses of the perox-
Control:- Sample:- 0.26 
No. Control:- 0.09 Sample:- 0.21 0-.12 
Sample:- 0.19 
--- ------ - ----- ---- - . - --
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' 
-
·--~ 
Control column Sample col 
and no of and no. of 
True Na S 0 titrat- Per cent of 
umn ional ~a~u~ (average) peroxide 
cc. Ether 
of Na2s2o3 of Na2s2o 
cc • 1 for the 10 cc. ethe present 
3 sample (fig. _a~ H2o 
-t2 
Mallin I } Ckrodt · 
Ether No 
416640 
~-
Controls: -Indenti- Sample:-
cal with those of Sample:-
number (1) ~ 
-- - - - - ----~-·- .. - - ~-
0128 
0.25 
I 
0.17 o. oo '-lo 
' 
- denti- Sam le: 0.29 1 0• 2~-- --o~:_ ____ 1 _ ~--~0~~-- _ ~- L Mallin Controls~ I 0 G p -...,._, QJ Ckrodt , cal with those I · Ether No 1. number ( 1) ple _: __ -435936 
; ( 4 Mallin- : Controls:-Identi- I Sample:- 0.21 ! 
1 o.l3 0.00 30 0.24 I ' Ckrodt cal with those of j ~i~~~5No ~ riumber (1) j Sample:-
,'----4------ i 
Mallin- · Controls:-Identi- I 
I (5 Ckrodt I cal with those of I Ether No. number (1) ' I 428221 I : 
.-----+- Mallin - r Controls: -Identi-
( 6 CkrodtN cal with those of Ether o. number (1) 
414887 1 
( 7) 
• 
(8) 
English Control:- 0.18 
Ether, Control:- 0.40 ' Ethane- I Control:-sal • 0.20 I 
! Control:- 0.20 
I 
I 
Mallin- I 0.37 Ckrodt Control:-
Ether No., 0.34 416640 . Control:-
'7 /29/22 
-
Mallin- 1 j Ckrodt Controls:-Identi-
Ether No.· cal with those of 1 
416640 number (8) 1 
8/3/22 l 
' 
' 
Sample:- 0.21 1 
Sample:- 0.20 I 
-- --
Sample:- 0.14 
Sample:- 0.19 
Sample:- 0.52 
Sample:- 0.55 
Sample:- 0.52 
Sample:- 0.55 
Sample:- 0.55 
Sample:- 0.56 
Sample:- 0.47 
Sample:- 0.49 
Mallin controls:-Identi- : (lO) Ckrodt 1 ith th f Sample:- 0.73 
0.11 
0.07 
0.34 
0.20 
.· 
------
0.12 
0.38 
0.49 
E~b.ekNo• ca w ose o 1 
1
4 93• . 1 number (8) Sample:- 0.75 
!Z . 2~<;22 ~" 
( ll~l ~~~~~tjl,.,. Controls: -Identi- Sample : ~~ .e: ·-459315 cal with those of j 
· ·7 7 ( ) I Sample :- _oili86 18 3 22 . number~
• Mallin 
1 
--r (12 Ckrodt~Y Controls:-Identi- Sample:- 0.68 
ftil-.448748 : cal with those of 1 
Ia 
17 /:!9/22 1 number ( 8) Sample:- 0. 70 
Mallin ' Controls :-Identi-
(l3 Ckrodt I cal with those of 
Ether No. I number (8) 
449748 
.1-------L.---'8 /'--3 I 2_ 2 __ _ 
Sample:- 1.00 
Sample:- 0.93 
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0.33 
0.61 
\ 0,00:0h ' 
~ 
o.oo I" 
0.00~0 
I 
1 o.ootf7 
- --------
0.00~~ 
0.00'10 
0.0115 
0.01 Lf 3 
•• The determination of a quantitative method for the estimation 
of aldehyde in ether. 
In working out a quantitative method for the analysis of the alde-
hyde content of ether, it was thought that a colorimetric method would prove 
.. acceptable, G. Romt;n165 has worked out a titrational method for the quan-
• 
titative estimation of formaldehyde. Here an excess of iodine is added to 
the formaldehyde sample in alkaline solution. After standing for a short 
time, in order to allow the formaldehyde to be oxidized to formic acid, the 
solution is acidified and the exces s of iodine is 48&9LF1g~ ani &H& wA&i@s 
titrated with a sodium thiosulfate smlution. Now, probably this method 
could be applied to the aldehyde in ether quantitatively, except for the fact 
that other substances, for example alcohol, might react to some extent with 
the iodine. The fact that aldehyde gives color reactions with so many sub-
st ances (already pointed out}, led to the consideration of possible color-
imetric methods and finally to the adoption of one • 
It was planned to try a napthionic acid, sulfanilic acid, resorcinol, 
meta-phenylene diamine hydrocbloride, or some other substance or substances 
which would produce a color reaction with aldehyde. Before these reactions 
were tried out, however, it was noticed, in the course of reading, that 
Francois113 had worked out a quantitative method for the estimation of 
aldehyde in dbher. It was therefore decided to try out this method with 
slight modifications to see whether it would prove to be a satisfactory one 
for the work in hadd. 
This method requires the preparation of the following reagents:-
(1) Schiff's reagent; (2) aldehyde-free alcohol; (3) pure ether; (4) the 
II standard solution, made up by dissolving pure aldehyde in aldehyde-free al-
• 
cohol. 
Schiff's reagent is made up mixing a fuchsin solution, sulfur dioxide 
solution, and concentrated sulfuric acid according to the directions of 
-m-
• 
Francois, except that in some cases more of the -sulfur dioxide solution is 
added than is specified by Francois • 
For the preparation of aldehyde-free alcohol, first, aniline and 
orthophosphoric acid were added to 95 per cent alcohol and the mixture was 
~ refluxed and distilled according to the directions of Francois. The method 
• 
was not studied exhaustively, but in the few preliminary trials that were 
made, it did not seem to remove the aldehyde completely. Dr. R. L. Emerson 
of M. I. T. stated one day that meta phenylene diamine hydrochloride will 
remove aldehyde from alcohol. This method was tried out and found to be 
quite satisfactory. Three or 4 grams of meta phenylene diamine hydrochloride 
is added to about one liter of 95 per cent alochol. The mixture is allowed 
to stand several days, to a week or more. It is then distilled. The first 
100 to 150 cc. of the distillate is discarded. The distillate coming over 
fr.om this po i nt on is collected until perhaps 200 cc. of alcohol remains in 
the distilling flask • The distillat ion is then stopped and the distillate 
is preserved in a glass bottle with a glass stopper in a dark place. This 
alcohol usually gives no color reaction with Schiff's reagent showing that 
. . 
it is free from aldehyde. In using this method, slight modifications have 
been introduced. The distilling flask has been replaced by a round-bottomed 
flask of a larger capacity so that approximately two liters of alcohol can 
be put into it with the meta phenylene diamine hydrochloride and distilled, 
yielding one liter, or perhaps a little more, of aldehyde-free alcohol. 
This flask is fitted with a stopper, through which passes a de livery tube 
of about one-half inch in diameter, bent at an acute angle, and connecting 
with a Liebig condenser. It is advisable to cover all stoppers used in the 
WI distillation with tin-foil. After a distillation has once been made, the 
re s idue remaining in the flask should be discarded and the flask cleaned 
e out before another distillation is carried out. This residue should never 
be added to another lot of alcohol and meta phenylene diamine hydrochloride, 
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since if this is done , it is usually impossible to produce alcohol free 
from aldehyde. Using this method, it has been possible to prepare alcohol 
which will produce no color reaction when mixed with Schiff's reagent for 
one or two days • 
There have been several methods, which have been proposed for the 
preparat ion of pure ether. Francois's methodll3, Dr. R. L. Emerson's method, 
and the method of Taylor and Smith128, in a ll essential points, hav~ been 
tried out. Francois's method seems to be better than that of Emerson from 
~ 
the point of view that Francois uses alkaline potassium permanganate in the 
process, while Emerson doe s not. Alkaline potassium permanganate seems to 
be quite essential in the purification process. It oxidizes several impur-
ities, such as aldehyde, alcohol, and unsaturated compounds. Emerson's 
method, however, is to be preferred from the point of view that metallic 
sodium is employed. Traces of aldehyde, alcohol, and possibly other com-
pounds, which might escape oxidation by the alkaline permanganate solution, 
will scarcely e• cape decomposition by metallic sodium. For analytical work, 
Emerson's method is probably sufficiently good. Compounds, which have one 
or more double bonds between consecutive carbon atoms, like ethylene and 
possibly other olefines, will probably escape decomposition by the Emerson 
method) and1 if these compounds are volatile, like ethylene, or if they form 
constant boiling mixtures with the ether, they will distil over with the 
latter. The method of Taylor and Smith seems to be better than either of 
the two preceding ones, because of the fact that alkaline permanganate is 
employed alternately with concentrated sul furic acid during the purification, 
then calcium chloride and metall·ic sodium are used in the later part of the 
.. process. This method combines the advantages of the previous methods in using 
both alkaline permanganate and metallic sodium, both of which seem to be 
e essential in a good method. The me t hod of Taylor and Smith, in all e s sential 
points, has been used until the distillation point is reached. At this point, 
a different distillation apparatus has been employed in this work. The 
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large fflask of a capacity of perhaps 4 liters, containing the ether over 
the metallic sodium, is fitted up with a stopper, through which passed a 
Hempel distilling head about 12 inches in length, in turn connected with a 
Liebig condenser. The flask is heated by means of an electric hot plate. 
tit The temperature during distillation was kept at 35° c166 • This purified 
ether, when treated with Schiff's reagent, produced no color reaction at 
the juncture of the two liquids. 
The standard solution, which was used in the preliminary work, was 
made up by dissolving pure a ldehyde in aldehyde-free alcohol. The method 
for the preparation of aldehyde-free alcohol has already been given. In 
preparing the pure aldehyde, aldehyde-ammonia was first made according to 
the directions in Gatterman's Practical Organic Chemistry. The aldehyde-
ammonia was then decomposed by means of dilute sulfuric acid and the alde-
hyde was distilled by means of a long distilling head (essentially a long 
• Hempel distilling head but with the disadvantage of a rubber connection) 
directly into a large test tube surrounded by a calcium chloride solution 
• 
·and ice. The distillation was carried out at a temperature as near 21° c 
as possible. On warm days, however, it was found that it was pra ctically 
impossible to keep the temperature down to 21° c. The temperature, in 
several of these preliminary distillations, rose several degrees above 21o. 
During the progress of the work, several changes were made which resulted 
in definite improvements for the preparation of pure aldehyde. The chem-
ical procedure was changed by distilling paraldehyde and dilute sulfuric, 
aldehyde being formed by depmlymerization of the paraldehyde. It was dis-
tilled into .a long Hempel distilling head1 perhaps 3 feet in length and filled 
with glass beads
1
which was made by the Macalaster-Bicknell Co. of Cambridge. 
The side-arm of the distilling head was fitted with a two-holed cork stopper! 
4t A short calcium chloride tube, filled with soda lime, was inserted into the 
second hole of the cork stopper and the latter was fitted into a cylindrical 
-60-
container, three to four inches long and one inch to an inch and a half in 
diameter. This container was immersed in a mixture of ice and water. In 
order to prevent the temperature from rising above 21° on the warm days, a 
• 
-
• 
very simple device was resorted. to, which proved q_ui te satisfactory. Large 
filter papers were moistened with ·water and wfapped around t he distilling 
head just below the side-arm. The evaporation of the water lowered the tem~ 
erature so that it remained at 21° during the distillationl66: It is belieYed 
that this method produces pure aldehyde. The :possibility of traces of vol-
atile substances and 8.lso of substances, which may form i constant boiling 
mixtures with the aldehyde, is, of# course, not excluded. The fao~hat the 
standard solutions167, made up :from alde4yde distilled on different day_s , 
wi t h reagents in somewhat different proportions,· and under slightly differ-
ent conditions, checked each other quite well colorimetrically, seems to be 
fairly good evidence that the aldehyde is pure, or that the impurities are 
present in very small q_uantiti es . 
In using the method, essentially as proposed by Francois, it was 
noticed , as he had previously observed, that the color produced is not pro-
portinnal to the concentration of aldehyde present. The following results 
prove this :fact:-
Standard mixture l-and 
colorimet er reading in mm. 
Standard mixture 2 and 
colorimeter reading in mm. 
-1----~-t-- - - -
CHs CHO in C~H~OH ------- 5cc.l68 
(leo.+ 99cc; r "' 
(1) Ether 
------------------
Schiff 1 s reagent 
-------
Total 
------------------
Reading-----------------
CH3 CHO in C 2H~OC2H5 ----1 (leo.+ 999cc. -Alcohol ----------------(2) 
• 
Schiff's reagent 
-------
Total 
------------------
Reading 
----------------
-
5co. 
~co.-
15oo. 
... 
10.0 
--5co.l70 
-
lOco. 
-
,5cc. 
20cc. 
20·0 
Ether ----------------- 5oo. 
Schiff's reagent ------ 5co. 
Total ----------------- 15cc. 
Reading ---------------
CalculatP.n ------------
GH3 CHO in C 2H50C 2H,~--­(lcc.+249cc.) 
5cc ... ,, 
Alcohol --------------- lOco. 
Schiff's reagent ------ 5co ._ 
Total ----------------- 20cc. 
Reading(average) -------10-
Calculated ------------ 5.0 
1---------_.__~~---~~---------------~b~~-, ~--. ---
• 
.. 
In no. (1. it will be observed that the aldehyde concentration, in 
the standard mixture to the right, is twice as great as that in the mixture 
to the left. The colorimetric reading then, of the mixture to the right 
! 
should be 5, instead of 7.7, if the color produced were proportional to the 
concentration of aldehyde • Again, in no. (2) the mixture to the right has 
. an aldehyde concentration four times as great as the mixture to the left. 
The colorimetric reading, of the mixture to the right, should, therefore, 
be 5, instead of 10, if the color produced were proportional to the concen-
tration of aldehyde. It is seen that the color production is~ proportional 
to the concentration. From these t wo set-ups, apparently the color production 
does increase with the aldehyde concentration, but ~ so rapidly. The re-
lation was not further studied, since a method for aldehyde estimation was 
the important thing sought for, so that it is not safe to make any definite 
generalization on the evidence presented. This preliminary work shows that, 
e for the estimation of aldehyde, a final colorimetric reading cannot be made 
when the color production is very much different in a standard mixture .and 
.. 
a sample mi~ture containing an ether whose aldehyde content is to be estima-
ted. 
One other preliminary set-up was made where the volumes of the two 
mixtures to be compared were dif ferent, one being twice the volume of the 
other, but the aldehyde concentration was the same in both. The color prod~ 
uction, of the mixture of twice the volume, should produce a color one-half 
as intense, so that a colorimetric reading of one-half of the other should 
be obtained. This is actually not the case. From this work it is evident 
that the volumes of the standard and sample mixtures should be the same, 
that successive trials must be made until the concentrations of aldehyde in 
the standard and sample mixtures are nearly identical, and that, if possi-
• ble, the reagents employed for both should be the same and in equal amounts. 
These conditions are satisfied fairly well in Francois's method. Several 
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modifications were made during the course of the investigat ion, partly for 
convenience and partly because it was believed that these changes improved 
the method. 
In the course of the work, other reagents, such as acetic acid, lac-
tic acid, ethyl acetate, and severa l other compounds, were tried out or at 
least considered as possible substitutes for the alcohol. The reagent 
should have a moderately high boiling point; it should be miscible with 
ether and Schiff's reagent and serve thereby to produce a one phase system; 
it should be free from aldehyde or at least easily freed from aldehyde; 
it should be moderate l y stable and
1
if possibleJnot a precursor of aldehyde, 
from which the latter may easily be formed. For the first part of the work, 
alcbhtl was chosen, as it seemed to be the most acceptable and most conven-
ient reagent. The first three requireme~ts are met in a satisfactory manner. 
The fourth one, at first glance , is not s atisfied so well. Subsequent work, 
however, seemed to indicate that even this fourth requirement was met fairly 
well by alcohol. 
The following results were obtained from the analyses of severa l 
ethers for their aldehyde content 172 :-
~ Standard mixture173 • Sample mixturel73. 
~----1--------~-------- - ----------------; 
1st 
trial 
• 
gpd 
-rial 
5 cc~ of CH~CHO (in alcohol) sol 5 cc. of Mallin Ckrodt 
(1:100~) ether, no. 425405 
16 cc. of alcohol 
5 cc. of Schiff's reagent174. 
Good color production resulted 
5 cc. of CH3CHO in (alcohol) sol (I; S" ~) 
10 cc. of alcohol 
5 cc. of Schi-ff 1 s reagent · 
Slightly greater color product-
ion resulted than in sample 
mixture. 
10 cc. of alcohol 
5 cc. of Schiff's reagentl74 
Very faint color production 
resulted. 
5 cc. of Mallin Ckrodt 
ether no. 425405 
10 cc. of alcohol 
5 cc. of Schiff's reagent 
Very faint color 
resulted. 
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Less than 
0.0022 
Standard Mixture Sample Mixture Per cent Aldehyde 
r-------1-"--·-·----·- - ------------· ---------------------! ---"--- -+ 
• 1 5 cc. of. CH3CHO (in alcohol) sol (1:50000) 
10 cc. of alcohol 
l,!:it ~ial 5 cc. of Schiff's reagent 
5 cc. of Mallinckrodt Ether 
no. 425221 ~ Less 10 cc. of alcohol than 
5 cc. of Schiff's reagent 0.0022 
Slight)'y greater color production 
resulted than in sample mixture. 
Very faint pDmor production 1 
resulted. 
t-
1 
I 
I 
5 cc. of CH3CHO (in alcohol) sol. (1:50000) 5 cc. of the English Ether, Ethanesal. 
J lst 10 
' Trial 
5 
3rd 
Trial 
1st 
trial 
.. 
• 
cc. 
cc. 
of alcohol 10 cc. of alcohol 
of Schiff's reagent 5· cc. of Schlff 1 s reagent 
Color production in samp le is stronger than that in 
standard. 
Identical with 1st trial for 
Ethanesal standard. 
2 cc. of the English Ether, 
Ethane sal. 
13 cc. of alcohol 
5 cc. of Schiff's reagent. 
The color.. produced i n sampilie 2· is ~- aJ!.igb.t1y t: sthonger ·J. .:;h 
thanrthat in standard. 
---- --·--· 
-
Identical with 1st trial for 1 cc. of the English Ether, 
Ethane sal standard. Ethanesal. 
14 cc. of alcohol. 
5 cc. of Schiff's reagent. 
The colors produced in standard and sample check 
each other. 
- ·--
5 cc. of CH3CHO (in alcohol) sol. 5 cc. of a Conunercial Ether (1:50000) 
10 cc • of alcohol 10 cc. of alcohol 
5 cc. of Schiff's reagent 5 cc. of Schiff's reagent 
Color production in sample i s stronger than that 
for standard. 
-
- . 
---
---~--- -------
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I 
I 
I 
I 
I 0.011 I 
I 
! 
~ 
I 
I 
--- - -
Standard Mixture Sample Mixture 
Per cent 
ldehyde 
r----- ---- ·- -·------
I 5 cc. of !. 
I 2nd 10 cc. of 
1
Trial 5 cc. of 
I 
.. 
CH3CHH (in alcohol) (1:1000) 
alcohol 
Schiff's reagent. 
Color production in 
sol 
sample is 
Identical with 1st trial 
for Commercial Ether 
Sample. 
+-- ---·-·· 
str~ng~r than_t~at in st~n~----~ 
1 cc. of a Commercial Ether. 
3rd 
trial 
I 
I 
4th 1 
trial! 
• 
1st 
trial 
2nd 
trial 
I 
Identical with 2nd trial for 
Commercial Ether Standard 14 cc. of alcohol 
5 cc. of Schiff's reagent 
Color production in s t andard is stronger than that in sample 
----
Identical with 2nd trial for 2 cc. of 
commercial ether standard 13 cc. of 
! a Commercial Ethe~ 
alcohol i 
Schiff 1 s reagent I 
I Greater than 
5 cc. of 
I 0.0049 
Co~mvrproduction in sample is slightly stronger than tha~ 
in standard as colorimeter readings show~-
20.0 mm. 17 '~ 1 mm . 
16.6 mm • 
16.5 mm. 
16.4 mm. 
·-- --·- ----~----
soli ---5 cc. of CH3CHO (in alcohol) (1:50000 ) 1 cc. of' Albany Ether, no. ~ 14. cc. of alcohol ~ 
10 cc. of alcohol 
5 cc. of Schiff's reagent 5 cc. of Schiff's reagent I 
Color production in standard is slightly stronger than th~ 
in sample. ~ 
Identical with 1st trial for 
Albany Ether standard 
2 cc. of Albany Ether no. 
13 cc. of alcohol 
5 cc. of Schiff's Re agent 
Color production in standard is 
Less 
than 
0.0056 
that in saml?_le ·---·--·- ·-· -----------------+-- -----! 
5 cc. of CH3CHO (in alcohol) ( 1:50000) 
sol 2 cc. of Mallinckrodt Ethe 
no. 416640 
l 10 ~~tal 5 cc. cc. of alcohol of Schiff's reagent 13 cc. of alchhml. 5 cc. of Schif f's reagent 
Color production in standard is stronger than that in 
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• 
standard Mixture 
Identical with 1st trial for 
Mallinckrodt (no.416640) standard 
Sample Mixture 
-------
3 cc. of Mallinckrodt 
Ether, no. 416640 • 
12 cc. of al~ohol 
Per cent 
a ld e hy..:.:.d e.;.,__--t 
find 1 
i trial 5 cc. of .Schiff
1 s reagent. 
Less 
than 
0.0037 
.. ' 
. ·-- --··- --- -1 
5 cc. of CH3CHO (in alcohol) sol 3 cc. of Mallinckrodt Ether (1:50000) no. 435936 
lst ~0 cc. of alcohol 2 cc. of alcohol 
that in sample. 
tria~+-5 ee. 0:o:::i::~:u:::::n:n standar: ::·.::~:::f:~:a:::g:::n 
-------------~----·----~ 
1 Identical with 1st trial for 4 cc. of .Mallinckrodt Ether Mallinckrodt (no. 435936) no. 435936. 
2nd 
trial 
I 
"standard. 11 cc. of alebhol. 
5 cc. of Schiff's reagent 
The colors produced in standard and sample check 
0.0028 
each other. ~----------~---------------------------------~--------~ 
• 
l lst tria~ 
-- ---------
5 cc. of CH3CHO (in alcohol) e sol. (1:50000) 
10 cc. of alcohol 
5 cc. of Schiff's reagent 
5, cc. of Mallinckrodt 
Ether, no. 410625 
10 cc. of alcohol 
5 cc. of Schiff's reagent 
Color production in standard is slightly stronger than 
that in sample. 
1 5 cc. of CH CHO (in alcohol) 3sol. ( 1:50000) 5 cc. of .Mallinckrodt Ether no. 4252321. 
lst . 10 cc. j tria . ,,5 c c • 
I 
of alcohol 10 cc. of alcohol 
of Schiff's reagent 5 cc. of Schiff's reagent 
Color production in standard is slightly stronger 
than that in sample. 
I 5 cc. of CHeCHO (in alcohol) 5 cc. of Mallinckrodt Ether sol. (1:5 000) no. 414887. 
I 10 cc. of alcohol 10 cc. of alcohol 1 lst ,, fYia.J 5 cc. of Schiff's reagent 5 cc. of Schiff's reagent 
Color production in standard is slightly stronger 
than that in sample. 
• 
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Less 
than 
I o .0022 
i 
! 
Less 
than 
0.0022 
Less 
than 
0.0022 
.---~~--------------------------------------------·---------------------.----------~ 
Standard Mixture 
1----+---- - --
5 cc. of CH3 CHO (in alcohol) 
sol. (1:50000) 5 cc. no. 
Sample Mixt ure 
of Ma.llinckrodt 
425405. 
Ether, 
Per cent 
aldehyde 
1st 10 cc. of alcohol. 10 cc. of alcohol 
Less 
tp.an 
0.0022 tria 5 cc. of Schiff's reagent 5 cc • of Schiff's reagent 
• 
• 
Color production in standard is slightly stronger than 
that in sample. 
·-- ------- --------------
In these aldehyde analyses the aldehyde in alcohol standard has been 
-
used throughout. Now the color development in the standard mixture is rather 
slow. The color development .is slower, in fact, than the color development 
in a sample mixture where the aldehyde is present in the ether. It was be-
lieved, therefore, that it would be worth while to make up a standard solu-
tion, by dissolving aldehyde in ether175, to be used as a standard. This was 
made up by dissolving lee. of pure aldehyde in enough pure ether to make a 
total volume of 1000 cc. The concentration of aldehyde in this solution 
should be the same as the concentration of aldehyde in the alcohol solution, 
previously made up and used for the aldehyde analyses already presented, if 
-
the aldehyde used for the two solutions is pureJ and no chemical changes have 
taken place in the two solutions. The two standard solutions were compared 
colorimetrically and they checked each other quite well in a time interval 
of one-half hour. The color development was slower, as previously indicated, 
in the mixture where the alcohol standard was used, than in the mixt ure 
where the ether standard was used. This fact in itself indicates that an 
aldehyde in ether standard is to be preferred to an aldehyde in alcohol 
standard. Other points in favor of the ether standard are that (1) ether 
is more stable than alcohol and is not a direct precursor of aldehyde, (2) 
.. the aldehyde being estimated is dissolved in an ether sample and if the 
standard contains aldehyde dissolved in ether, the conditions in the stand-
• ard mixture and the sample mixture are essentially alike, so that the r ates 
of color production in them will be more nearly alike. One disadvantage in 
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• 
connection with the ether standard is the fact that ether is more volatile 
than alcohol • If, however, it is kept in a tightly stoppered bottle, this 
difficulty is easily overcome. In all the remaining analyses of ethers for 
their aldehyde content, an aldehyde in ether standard, of the same concen-
tration as the one just described, is used. Other minor changes were made 
in the method, which will be mentioned at a later point where the analyses 
of a few ethers for their aldehyde and peroxide content are given. 
3. Other factors involved in peroxide analysis. 
In the meantime, two other considerations must be taken up in con-
nection with the peroxide analysis. The .method had seemed to be well worked 
out, and check results were obtained. These two points, however, do need 
to be considered. The first one has to do with the effect of aldehyde pres-
ent on the liberation of iodine, and hence on the titrational value of sodium 
thiosulfate. The second one has to do with a possible small liberation of 
e iodine due to the reaction of pure ether with hydriodid acid, and hence with 
a possible small titrational value of sodium thiosulfate due to this cause. 
With regard to the first point, five sets of experiments, each one 
completel,d on a different day, were made to decide what effect, if any, the 
presence of aldehyde had on the titrational value of sodium thiosulfate. 
The result.s follow:-
First Set: 
Control Coaumn and no. 
Ether of cc. of Na2s2o3 
Sample177 : 0.19 Sample177 : 0.17 
----1-----·- -- -
Aldehyde 
(in ethe~) 179 
,...,g Control: ~ . 
standard . 
~· -- . - - - ---
-·-·· - ------
Q.07 Sample:- 0.19 Sample: 0.18 
------:= ------·-- =::-:::-::...··-"'"""'· ===,., 
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•· 
I ! { 1) 
I 
----------------~---------------- - -- ---------------------~ 
Second Set: -------------~---- ----------....--------·----+ 
Ether Control column and no. 
of cc. of Na~s2o3 
Control:- 0.17 
Third Seta 
-- ---- -
------ I 
Samp le column and no. 
of cc. of Na2s2o3 
Sample:- 0.30 
Sample column and no. 
~~ __ cc • .. ~-~ ~a2s2o3 
Sample:- 0.30 
;.-
!Aldehyde 
I 
{ 1 ) ( in ether ) Control:- 0.10 l s standard r&-o ample:- 0.23 Sample:- g.28 
' Lair. 
---
Aldehyde I 
+---- . ---- - -----'-
{2f 1 (in ether) 
solution Hfl 
Control:- 0.10 I s ample:- 0.29 Sample:- 0.31 
~1} 
' { 2) 
• 
( 3) 
{1) 
~2) 
( 3) 
{4) 
--
• 
... 
--· 
---L-. -- ------=---=+-=--------
-
Fourth Set: 
----
--- ----
-- ----t·-- - -. ______ _! 
Pure I Ether176 Control:- 0.03 I s 
- --
ample:-
----
0 . 13 Sample:- 0.12 
Aldehyde l (in ethel~ 
. Control:- 0.03 s 
solution 2 • I 
ample:- 0.15 Sample:- CO.l5 
- -- -
--------
Aldehyde 
(in ethel~3 c 'ontrol:- 0.03 s solution L 
- --
ample:- 0.17 Sample:- 0.17 
--
--
Fifth Set: 
-------------;,-, ....... ~--- ------·---1 
Pure 
I 
Control:- 0.13 ' s Ether ample:-
184 Samp le :- 0.67 Lost 
- - -------- --.. 
I 
Aldehyde 
(in ethe1e5 Control:- 0.13 s 
solution • 
ample:- 0.47 Sample:- 0.43 
Aldehyde 
(in ethel~ 
solution 6 • 
Control:- g.l3 s amp le:- 0.41 Samp le:- 0.45 
-
- -
Aldehyde 
(in ethel~ Control:- 0 .13 s 
solution 7 • 
t-
-
ample:- 0.53 Sample:- 0.56 
--
-- - -------- -·- ----
-· 
From these results, it would app ear that a concentration of alde-
hyde in ether up to about one per cent has no (or a neg ligible)effect on 
yhe titrational value of sodium thiosulfate. Where the concentration of 
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• 
• 
• 
aldehyde is about 2 per cent, the titrational value is only slightly in-
creased. Since in the analyses of the aldehyde content of anesthesia ethers, 
the percentage of aldehyde is almost exclusively far less than one per cent, 
no correction has been made, in the subsequent results, in the titrational 
values of thiosulfate (representing the quantity of peroxide present), for 
the aldehyde. 
With regard to the second point, it is believed that the results 
throw some light on a correction, which should be made on the thiosulfate 
value because of the action of pure ether on hydriodic acid. If the control 
values are s.ubtracted from the sample values for ~ ether in the first 
and fourth sets (the fifth set is excluded because here the ether stood sev-
eral days), it will be observed that the titrational values range from 0.09 
cc. to o.m2 cc. It was believed, then, that 0.10 or 0.11 cc. of this thios-
ulfate solution188 represented the correction that should always be made for 
a 10 cc. sample of pure ether • Later work on a very good ether, from one 
of the firm& which manufactures anesthesia etherfl! gave a lower value than 
this, however. This fact proves, then, that the true correction value is 
less than 0.10 or 0.11 cc. of thiosulfate solution, or that possibly there 
is no correction value to be made. It also proves that the supposedly pure 
ether, made by Emerson's method or that of Taylor and Smith, is not free from 
some substance, which has the power of liberating iodine from liydriodic acid 
when the distillation is carried on as previously described in this investi-
gation. In order to determine this value, it will probably be nece s sary, 
not only to use one of the above methods (preferably that of Taylor and 
Smith), up to the point where the ether is allowed to stand over metallic 
• sodium for some weeks, but also to use a specially constructed distillat ion 
system (including distilling flask, distilling head, thermometer, Liebig 
e condenser, adapter, and receiving flask), throughout which glass .joints are 
used, so that the ether with glass during the distilla-
tion. In addition to this, it would be highly desirable, and probably nec-
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essary, to have the system filled with an inert gas, like nitrogen, carbon 
• dioxide, or argon if available. In this way, it should be possible to pre-
pare pure ether free from dissolved oxygen (or air) and all substances hav-
11 ing the property of liberating iodine from hydriodic acid. It is believed 
that a small correction value will need to be made on the basis of the 
• 
• 
• 
Ethyl iodide is unstable and decomposes slowly in the light. Now in the 
peroxide analysis, the ether i~llowed to stand for a minute or two after 
being placed in the flask with the acidified mixed iodides and alcohol. The 
flas~ is th~n stoppered and allowed to stand in a partly darkened place for 
half an hour. The light and . air will, in all probability, decompose the 
ethyl iodide with the liberation of iodine. The factors causing this lib-
eration, such as temperature, intensity of light, ~&ssolved air etc., will 
vary somewhat from day to day. The co1:•rection value, however, is small, 
and, if these influencing factors are regulated as carefully as possible, 
so that they are nearly identical, it is believed that the absolute error 
in this correction value will be extremely small. It is planned to deter-
mine this correction value in the near future. In the meantime, since at 
most it is small, it will be neglected in calculating peroxide percentages 
in this research• It is interesting to note in connection with this dis-
cussion that De · Vry189 . observed that pure ether does not react with pure 
iodides. Saladin190 , however, has found that potassium iodide, acidified 
with sulfuric acid does produce a yellow color with ether. 
4. Analyses of the peroxide and aldehyde content of several ethers. 
The following results were obtained for the analyses of five ethers • 
Ether No. 1, 
(This is ~ special watel"-free etlter £o't :Dr. Richardson from tbe 
0'. S. Industr .lal Chemic.al Co. of Baltbnoxe 1 dateJ. ~11.) 
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c -- Peroxide Content188 • 
~ 
l 
Control Column and no. Sample column and no. True Na2s2o3titra-tional value 
(average) for the 
10 cc. ether sample 
of cc. of Na2S2o3 of cc. of Na2s2o3 
Sample:-
--------1--- --Sample:- 0.29 
• 0.05 Control 0.28 0.24 
+-------·-
Aldehyde Content. 
- -
Standard Mixture Sample mixture 
-- -- - -- --- --------
0.50 cc. of CH3CHO (in ether) soll91 5 cc. of ether sample 
14.5 cc. of alcohol 10 cc. of alcohol. 
1st 
of Schiff's tria 5. cc. reagent 5 cc. of Schiff's reagent 
I 
Per cent 
aldehyde. 
The color production in the standard is stronger than 
that in the sample. 
-+---------=-
0.25 cc. of CH3CHO (in ether) sol. 
14.75 cc. of alcohol 
! 2nd 5 cc. of Schiff's reagent 
• ria 
5 cc. 
10 cc. 
5 cc • 
of ether sample 
of alcohol 
of Schiff's reagent 
I I 
I t-
The color production in the sample is stronger than 
in the standard. 
I 
13rd 
jtri 
• 
1 0.40 cc. of CH3CHO (in ether) sol. 
114.60 cc. of alcohol 
5 cc. of Schi ff's reagent 
5 cc. 
10 cc. 
5 cc. 
of ether sample 
of alcohol 
of Schiff's reagent 
The color production is nearly the same in the 
standard as that in the sample as color-
imeter readings show:-
2 0 • 0 1\'W\'W. 2115~-
20.7 
19.8 
21.5 
20.3 
20.1 
19.5 
, __ .._ 
0.0089 
It is to be noted, in this aldehyde analysis just given, that the 
• proportions of alcohol and ether are not the same in the standard and sample 
mixtures. This probably does not produce any great error in the analysis. 
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• 
• 
Nevertheless, it was believed that better results would be obtained by 
modifying the method so that the proportions of alcohol and ether in the 
standard and sample mixtures are identical. This was done by always adding 
10 cc. of alcohol to both mixtures, and also a total volume of 5 cc. of ether 
to both mixtures; which may consist of the ether standard plus pure ether 
for the standard mixture and the ether sample for the sample mixture, or of 
the ether standard for the standard mixture and the ether sample plus pure 
ether for the sample mixture. This method for the aldehyde analysis is 
used ex clusively in all following work. The analyses of the other ethers 
follow: 
Ether no. 2 • 
. (Thil:l is a Cotton ether sealed in glass ampules.) 
~-oti.Q.sl _ont nt: 
Control column .and 
no. of cc. of Na2s2o3 
Control:- 0.04 
Sample column and 
no. of cc. of Na2s2o3 
Sample:- 0.47 
Sample:- Not d onel92 
True Na S 0 ti-tration~l2v~lue 
(average) for the 
10 cc. ether sample 
0.43 0.010 
-- -- ----~ 
Aldehyde Content. 
---- ---· ---- --
Standard Mixture Sample rviixture Per cent ~~dehyde 
-- ---
------·-· 
0.50 cc. of aldehyde (in ether) sol 5 cc. of ether sample 
1st 4.50 cc. of pure ether 10 cc. of alcohol 
trial 
Schiff's 10 cc. of alcohol 5 cc. of reagent 
5 cc. of Schiff's reagent 0.011 
The colors check each other in the standard and 
sample • . 
• Ether No. 3 
(This is a DuPont Ether from Dr. Tyler.) 
• 
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Peroxide Content. 
----- --
Control column and Sample column and True Na2s2o3 titra- Per cent of no. of cc. of no. of cc. of tional value (average) p eroxide pres-
Na2s2o3 Na2s2o3 for the 10 cc. ether ent (figured I sample • as H2o2 
• Sample:- 0.13 Control:- 0.04 0.10 0 .0024 
i Sample:- 0.14 
- -- ·- - - - ---
Aldehyde Content: 
- ---
Standard Mi xture Sample Mixtur e Per cent 
aldehyde 
- -··---· 
5 cc. of pure ether 5 cc. of ether sample 
I 1st 
10 cc. of alcohol 10 cc. of alcohol 
o.oo 
trial 5 cc. .of Sch iff's reagent 5 cc. of Schiff's reagent 
I The colors check each other in the standard and smnple. 
-l 
.. 
- - -
1-· 
-I 
Ether No. 4. 
(This is a Squibb Ethe r with r e cord no. 294308) 
~-
- - I Peroxide Content 
~---------------- --------~----~--True Na2s2o3 titra-Control column and 
no. of cc. of 
Na2s2o3 
Sample column and 
no. of cc. of 
Na2s2o3 
t i onal value (average) 
for the 10 cc. ether 
Per cent of per-
oxide present 
( fi gured as 
Control:- Q.04 Sample:-
Sample:-
0.13 
0.17 
sample. H 0 ) 
0.11 0 .0027 
~---------------------+-------------------·---
I 
I 
Wlst 
trial 
I 
Aldehyde Content 
Sta ndard Mixture - ~-Sample Mi xture 
0.'50 cc. of CH3CHO (in e ther) 5 cc. of eth er sample 
4.50 cc. of pure .ether. 10 cc. of a l cohol 
10 cc. of alcohol 5 cc. of Schiff's reagen 
Per cent 
aldehyde 
Less than 
t 0.0084 
5 cc. of Schiff's reagent 
The color production in standard is slightly stronger 
that in samp le a s colorimeter rea d i n g s s how:- ~----
30~. 40~· 
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Ether no. 5. 
(This is a Squibb Ether with record no. 178920) 
-
-
--
r-
Peroxide Content 
1-
Cont1 .. ol column and Sample column and . True Na2slo3 titra-
no. of cc. of no. of cc. of tional va ue (average) 
Na 2s2o3 Na 2s2o3 
for the lOcc. ether 
sample. 
·- -- - -
-
-- -- -- --
Sample:- 0.13 
Control:_ 0.04 0.10 
Sample:- 0.15 
- -
Aldehyde Content 
-
-
- --
Standard Mixture Sample Mixture 
- ---
-
1.00 cc. of CH3CHO (in ether) sol. 5 cc. of ether sample. 
14 .oo cc . of pure ether 10 cc . of a lcohol 
lst cc. of alcohol 5 cc. of 
Per cent of 
peroxide pres -
ent (figured 
as H222- - - -+ 
0.0024 
Per cent 
_a l d, e ]1.yQ,_e=----+ 
Gl''e ate r 
than 
10 Schiff's reage trial Schiff's 
nt 0.032 
• 
" 
• 
5 cc. of reagent 
The color production in sample . is slightly stronger 
that in standard as colorimeter readings show:-
35~. 24.7~· 
-·------- --
&. The effect of Storage ~the Purity of Anesthesia Ethers. 
IDr . Rowe has corresponded with five manufacturers of anesthesia 
ethers regarding the study of the effect of storage on the purity of anesthesia 
ethers. These manufacturers have sent definite quantities of ether in (a) 
the container now generally used (which is the tinned iron can) and (b) glass . 
These ethers are going to be stored (l ) at a low temperature, by being kept 
in a vault, whose temperature is nearly that out-of-doors, during the cold 
weather and in an ice-box during the warm weather, (2) at room temperature, 
i 2op 0 which will range between the l mits and 25 c. The following table gives 
II the names of the manufacturers that are cooperating with Dr. Rowe in this 
study; the quantities in cans and bottles received from each; and its dis-
tribution in the cold and warm ~ooms:-
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-I 
• 
Manufacturer. 
s. Industrial Chemical Co. 
of Baltimore 
Powers-Weightman-Rosengarten Co. 
of Philadelphia. 
Albany Chemical Company 
New York 
Mallinckrodt Chemical Works, 
St. Louis 
Du Pont Chemical Works. 
Regular Anesthesia Ether. 
Du Pont Chemical Works. 
Cotton Process Ether 
r Warm Room 
12 l lb. bottles 
12 
- t lb. cans 
25 
- t lb. bottles t ( 15286) 
' 25 J. lb. cans (15285) 
- ':i" 
25 
- t lb. cans ( 15287) 
13 J. lb. bottles 
- 2 
13 
-
.1. lb. cans 2 
13 J. lb. bottles 
- 2 
13 - t lb. cans 
24 J. lb. bottles 
- 2 
,25 J. lb. cans 
- 2 
-----
11 
-
-~ lb. bottles 
.20 J. lb. cans 
- 4 
Cold Room 
----------
12 
-
J.. lb. bottles 2 
12 
- t lb. cans. 
25 
-
i- lb. bottles 
(15286) 
25 
-
.1- lb 4 . • cnns 
( 15285) 
25 - of lb. cans 
(15287) 
J. lb. bottles 
- 2 
J. lb. cans 
- 2 
12 .1. lb. bottles 
- 2 
J. 12 
- 2 lb. cans 
---
24 
- t lb. bottles 
25 J. lb. 
- 2 cans 
- - --- -
11 J. lb. bottles 
- 2 
20 J. lb. - 4 cans 
These ethers are to be analyzed for their peroxide and aldehyde con-
tent at frequent intervals for a period of two years. In this way (l) . the 
influence of the. type of container, ( 2) different tempera tures, and ( 3) the 
velocity of the oxidative reaction for the production of these two contamin-
ants, will be determined. A plan of the work for each manufacturer follows:l-93 
----- -----
( 1) u. s. Industrial Chemical Co. 
- -- -~ 
warm Room Cold Room 
- - - --------.! Can Bottle Can ---~ott},~ 
-i 
-- --
- -----
-- __ A ___ --
Start 2 1 2 1 
2nd month 1 1 
4th " 2 1 2 1 
6th 11 1 1 I 8th II 2 1 2 1 
lOth " 1 1 
12th " 2 1 2 1 
15th " 1 1 
18th " 2 1 2 1 2lsh fl 1 1 
24th n 1 1 1 1 
Determine water and alcohol content on last cans and bottles:-
1 _J
6
_ 1 L 1 1 
I 
( 2) Fowers-Weightman-Rosengarten Co. 
---·-
Warm Room Cold Room 
• 
.. 
- ---
Can Can Bottle Can Can Bottle 
15285 15287 15286 15285 15287 15286 
-- ·---··--- ---- -- ---
t. Start 3 3 3 3 3 3 
2nd month 2 2 2 2 2 2 
4th If 2 2 2 2 2 2 
6th " 2 2 2 2 2 2 I 
8th " 2 2 2 2 2 2 
lOth 11 2 2 2 2 2 2 
12th " 2 2 2 2 2 2 
15th If 2 2 2 2 2 2 
18th " 2 2 2 2 2 2 
21st " 2 2 2 2 2 2 
24th If 2 2 22 2 2 2 
Determine r at:r and alcohol content on last cans and bottles:-
J 2 1 2 _, 2 .I 2 l 2 - - - .. ·------
• 
---· -~-~ ( 3) Albany Chemical Company 
------· 
Warm Room Cold Room 
-
--
Can Bottle Can mottle 
Start 2 2 1 1 
2nd month 1 1 1 1 
4th month 1 1 1 · 1 
6·th month 1 1 1 1 
8th month 1 1 1 1 
lOth " 1 1 1 1 
12th " 1 1 1 1 
15th " 1 1 1 1 
18th 
" 
1 1 1 1 
21st tt 1 1 1 1 
• II 24th 1 1 1 1 
Determine water and alcohol content on last cans and bottles 
1 -~- 1 1 1 
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• 
I 
• 
(4) Mallinckrodt Chemic al Works: 
-- ·-
Warm Room 
·--
Can Bottle 
-- -
i-
-
Start 2 2 
2nd month 1 1 
4th month 1 1 
6th n 1 1 
8th It 1 1 
lOth 11 1 1 
12th 11 1 1 
15th " 1 1 
18th " 1 1 
21st " 1 1 
24t h n 1 1 
Determine water a nd alcohol content on l a st ca ns 
I 1 1 _L_ 
- - ---
( 5) Du Pont Chemical -~¥ orks, Re gular Anesthesia Ethe r . 
--- --
--
I Warm Ro om 
I Can Bottle 
Start 3 2 
2nd month 2 2 
4th month 2 2 
6th ~ 2 2 
8th It 2 2 
lOth . " 2 2 
12th " 2 2 
15th " 2 2 
18th " 2 2 
21st " 2 2 
24th " 2 2 
Cold Room 
Can Bottle 
1 1 
1 1 
1 1 
1 1 
1 1 
1 1 
1 1 
1 1 
1 1 
1 1 
1 1 
and bot tles:-
~--- ' 1 -
Can 
3 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
Cold Ro 
-~ 
om 
1--
Bottle 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
De t ermine water and alcohol content on l a st cans and bot t l es :-
2 2 2 
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(6) Du Pont Chemical Works, Cotton Process Ether. 
Warm Room Cold Room 
... - -Can Bottle 
-·---~~ 
Can Bottle 
----·-
Start 2 1 ) 2 1 
-. 2nd month 2 1 2 1 
4th " 2 1 2 1 
6th II 2 1 2 1 
8th " 2 1 2 1 
lOth II 2 1 2 1 
12th " 2 1 2 1 
15th " 1 1 
18th " 2 1 2 1 
21st " 
24th u 2 1 2 1 
I 
Determi~e water and alcohol content on last cans and bottles:-
j _ - ~ --·~_j_2c __ l._ _ 1_---l 
e The first set of analyses for this research were started on January 
29, 1923 and continued for several daysl94. This set, which starts the 
work, is to be considered, then, as of February 1st, 1923. The results ob-
tained are recorded as follows:-
(1) U. S. Industrial Chemical Co. 
---- -- ---------
Peroxide Contentl95. 
--- --------.--- ------
Control Column and Sample Column and 
no. of cc. of nol of cc. of 
Na2s2o3 Na2s2o3 
E~lf~r 
from Control:- 0.06 
bottles 
l~g~r Control:- Q .06 bans lc:.s 
-- --· 
• 
Sample:-
Sample:-
0.09 
0.11 
Sample:- 0.14 
Sample:- 0.14 
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True Na2s2o3 titra-
tiona l value (aver-
age) for the 10 cc. 
ether sample 
0.04 
o.os 
------- -
Per cent of 
peroxide pres 
ent (figured 
- - a~ ~2 0-'=2'--) _ _ 
0.00098 
0.0020 
• 
1 cc. 
-st 
4 cc. 
10 cc. 
tria 5 cc. 
5 cc. 
10 cc. 
:End 5 cc. 
tria]_ __ 
1st 
tr ial 
1 cc. 
4 cc. 
10 cc. 
5 cc. 
I 5 CC o 
.2-nd 10 cc. 
t'"'~"( I 5 cc. 
• 
Aldehyde Content 
Standard Mixture Sample Mixture 
·- ----
Per cent 
aldehyde 
---------
of CH3CHO (in 5 cc. of ether sample from bottles 
of pure ether 
10 cc. of alcohol 
of alcohol 
of Schiff's reagent 5 cc. of Schiff's reagent 
The color production in the standard is much darker 
than that in the sample. 
of pure ether 
of alcohol 
of Schiff's reagent 
___ Aldf3.hY- e c Qn_t_~nt 
Standard Mixture 
of CH3CHO (in ether) sol. 
of pure ether 
of alcohol 
of Schiff's reagent 
5 cc. of ether sample 
from bottles 
10 cc. of alcohol 
5 cc. of Schiff's reagent 
Sample Mixture 
5 cc. of ether sample 
from cans 
10 cc. of alcohol 
5 cc. of Schiff's reagent 
The color production in the standard is much darker than 
that in the sample. 
of pure ether 
of alcohol 
of Schif f's reagent 
5 cc. of ether sample 
from can§.. 
10 cc. of alcohol 
5 cc. of Schiff's reagent 
The colors produced in the standard and in the sample 
check each other • 
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o.oo 
__ j 
I 
o.oo 
{2) Powers-Weightman-Rosengarten co. 
• 
•ther 
-rrom 
cans 
15285 
P-eroxide C_ontent 
1 column and no. Sample colwnn and no. 
cc. of Na
2
s
2
o
3 
of cc. of Na2s2o3 
Sample:- 0.24 
0.09 \ Sample:- 0.26 
--- -- -
--~- Sample:- Q.26 
0.09 
Sample:- 0.23 
Control:-
0.28 
--.-.trS,r.c-er cent of 
True Na2s2o3 titra- peroxide 
tional value (av- present(fi g 
erage) for the 10 ured as H C 
__ .cc. ether s_amp~e_ _ __ 2 · 
0.16 0.0039 
--
-- -·-
0.16 0.0039 
Ether 
from 
cans 
15287 
Contro·l :- :t~ample:-o.o Sample:- 0.0047 0.39 
j.st ! 10 
~ria4 5 
I 
cc. 
cc. 
cc. 
--
I 
--
Aldehyde Content 
Standard Mixture 
of pure ether 
of alcohol 
of Schiff's reagent 
---- ------ --'-- ------>----- --
Sample Mixture 
5 cc. of ether sample 
from cans 15285. 
10 cc. of alcohol 
- -----~----
Per cent 
aldehyde 
5 cc. of Schiff's reagent 
---- -
The color production _i~n-_t_h_e~ sample is darker _th-an that _i_n + _ ~­the standard. 
0.5 cc. of CH3CHO (in ether) sol. 5 cc. of ether sample 4.5 cc. of pure ether from cans 152aD 
10 cc. of alcohol 
10 cc. of alcohol 
5 cc. of Schiff's reagent 0.011 5 cc. of Schiff's reagent 
---~ 
, 10 
fl!'st 5 
trial 
___ l_ 
The colors produced in the standard and sample check 
each other. + 
Aldehyde Content 
-~ --- --- PE3r ~c-en-t 
__ s_ta_n_d_a_r~ Mixture Sample Mixture aldeh de 
cc. of pure ether 
cc. of alcohol 
cc. of Schiff's reagent 
5 cc. of ether sample 
from bottles 15286 
10 cc. of alcohol 
5 cc.of Schiff's reagent _ _,__ __ 
The color production in the sample is darker than that 
in standard. 
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~--~-----------------------------r-------------~- - ---- -- - - --~ 
Standard Mixture Sample Mixtur e Per cent 
I--- -I 
------------------ --~ ------1--a-=ldeh de_~ 
0.5 cc. of CH3CHO (in ether) sol 5 cc. of ether samp le 
• 4.5 cc. j 2nd 10 trial cc. 0.011 
of pure ether from semtles 15286 
of alcohol 10 cc. of alcohol 
~ 5 cc. ~ of Schiff's reagent 5 cc. of Schiff's reagent The colors produced in the standard and t h e sample che~ 
each other. r 
·-t-
Aldeh~d~ Content 
-
Standard Mixture Sample Mi xtur e Pe r c ent aldehyde 
- - -
5 cc. of pure ether 5 cc. of ether sample 
1st t~ ~ :I.@ cc. of alcohol from cans 15287 
trial 5 cc. of Schiff's reagent 10 cc. of alcohol 
5 cc. of Schiff ' s rea gent 
,.,,_....__ 
The color production in the s amp le is darker than that 
_l in the st andard 
-+-----+-,-------------- __________ , ____ ,r-----------------1---------l 
0.5 cc. of CH3CHO (in ether) sol. 5 cc. of e t her sample 
2nd 4.5 cc. of pure ether from cans 15287 
I 
trial l 10 cc. of alcohol 10 cc. of alcohol 
• I 5 cc. of Schiff's reagent 5 cc. of Schiff's reagent 0.011 
f 
The colors produced in the standard and sample check 
each other. 
( 3) Albany Ch emical Co. 
------------------------
Peroxide Content 
--·--------.-------- --- 1- -------------t------------:--do~~rol column ~· of cc. of 
Na 2s2o3 
+------~r---- -
Ether Control:-from 
bottles 
f--
-I 
-her I 
from I Control:-
cans I 
-
• 
and Sample column and 
no. of cc. of 
Na2s2o3 
--------
0.05 Sample:- 0.14 
Sample:- 0.13 
Sample:- 0.13 
0.05 
Sample:- 0.13 
·-
True Na2s2o3 tit r a-t i onal value (aver-
age) for the 10 cc. 
ether sample. 
0. 08( 5) 
~ 
----
--
0.08 
-
- --
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Per cent of 
peroxide pres-
ent (figured 
as H2o2 ) 
- ---·--
0.0021 
--
0.0020 
- -
----------------~-----------------------~ 
I. 
I I 5 
I i lO U.st I 5 
~ial• I I 
I 
cc. 
cc. 
cc. 
Aldehyde Content 
~--------------------------------, 
Standard Mixtuee Sample Mixture 
-- - 1-- -
of pure ether 
of alcohol 
of Schiff's reagent 
5 cc. of ether sample 
from bottles. 
10 cc. of alcohol . 
5 cc. of Schiff's reagent 
The color production in the sample is slightly darker 
than that in the standard. 
0.2 cc. of CH3CHO (in 
of pure ether 
5 cc. of ether sample 
from bottles 
· 2nd 
' trial' 
I 
I 
I· 
4.8 
10 
5 
cc. 
cc. of alcohol 10 cc. of alcohol 
cc. of Schiff's reagent 5 cc. of Schiff's reagent 
The colors produced in the standard and sample check 
each other. 
Aldehyde Content 
:Ber cent 
aldehyde 
0.0045 
--~·------------·-------------~-----------4 
1st 
trial 
2nd i trial 
~ ... 
• 
Standard Mixture Sample Mixture 
5 cc. of pure ether 5 cc. of ether s ample 
from cans 
10 cc. of alcohol 
Schiff's 10 cc. of alcohol 5 cc. of reagent 
5 cc. of Schiff's reagent 
The color production in the sample is slightly darker 
that in the standard. 
0.2 cc. of CH3CHO (in 
4,8 cc. of pure ether 
10 cc. of alcohol 
5 cc. of Schiff's reagent 
5 cc. of ether sample 
from cans 
10 cc. of alcohol 
5 cc. of Schiff's reagent 
The colors produced in the standard and sample check 
each other • 
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Per cent 
aldehyde 
0.0045 
(4) Mallinckrodt Chemical Co. 
Peroxide Content ~----.·---------.----------. 
ontrol -Sdmple colurrn.'l ,: 
no. of cc. of 
------------
ue Na2S9.0~ titrational 
value (average) for 
. the 10 cc. ether 
Per cent of per-
oxide present 
(figured as 
I 
• 
and no. of cc. 
of Na2s2o3 Na2s2o3 a ample ----~--------+--~-~2~~)------+ 
E+her from 
bottl 
Ether 
from 
cans 
Sample:- 0.12 
Control:- 0.05 ('< ... , 
Sample:- 0.12 
0.05 Sample:- 0.15 
Sample: - 0.15 
~----~ ---- ---- ... 
Aldehyde Content 
. -
Standard Mixture 
0.07 0.0017 
0.10 0.0024 
Sample Mixture 
,-----4------ - -------- -
Per cent 
aldehyde 
1st 
trial 
• 
ts+--
t ri'il. 
E:PAAfl 
I 
5 cc. of pure ether 
10 cc. of alcohol 
5 · cc. of ether sample 
from bottles_ 
5 cc. of Schiff 's reagent 10 cc. of alcohol 
5 
10 
5 
5 cc • . of Schiff's reagent 
The colors produced in the standard and sampl e check 
each other. 
cc. of pure ether 5 cc. of ether sample 
from ~ 
cc. of alcohol 10 cc. of alcohol 
cc. of Schiff's reagent 5 cc. of Schiff's reagent 
The colors produced in the standard and sample check 
each other. 
Pont Chem!cal Works, Regular Anesthesia Ether. 
Peroxide Content. 
o.oo 
o.oo 
Control Column 
and no. of cc. 
ample column True Na2s2o3 titra-
and no. of cc. tional value (aver-
Per cent of peroxide 
present (figured 
Na2s2o3 of Na2s2o3 age) for the 10 
J ether~~p&e 
as H2o2 ) 
Control:- 0.20 SamDle:- 0.38 .om 
ttles Sample:- 0.38 0.18 0.0044 
Ether Sample:- 0.42 from Control:- 0.20 Sample:- 0146 0.24 0.0059 
•a:e.s s 
L-
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~~al 
lst 
trial 
Ether 
from 
cans 
Aldehy de Content 
---·- -- - ----
--- --
------ - -
Standard Mixture Sample Mixture Per cent 
aldehyde 
--
- - -
5 cc. of pure ether 5 cc. of ether sample 
of alcohol from bottles 10 cc. 
5 of Schiff's rea gent 10 cc. of alc ohol cc. 
::>chi1'f 1 s 5 . CC • of reagent o.oo 
The colors p roduced in the standard and sample check 
each othe r. 
-- - --
--
6 cc. of pure ether 5 cc. of ether sample 
10 cc. of alcohol from cans 
5 cc. of Schiff's rea gent 10 cc. of alcohol 
5 cc. of Schiff's reagent o.oo 
The colors produced in the standard and sample check I 
each other. • 
--- --·--- -------
Du Pont Chemical Works, Cotton Process Ethers. 
Peroxide Cont ent 
Control column and 
no. of cc. of 
Na2s2o3 
Sample column and 
no. of cc. of 
Na 2s2o3 
True N~S2o~ tional vaiu~ 
age) for the 
ether sample 
titra-
(aver-
10 cc. 
Per cent of per-
oxide present 
(figured as 
H 0 ) 
-4---------------;------------t------------ ------r----N-k~--~ 
Sample:- 0.26 
Sample:- 0.26 0.06 Control:- 0.20 0.0015 
----
- - -1----------- - ---
Control:- 0.20 Sample:-Sample:-
0.48 0.28 
0.48 
0.;0069 
,__ ___ __. _________ _ 
5 cc. 
10 cc. 
5 cc. 
1st 
•trial 
Aldehyde Content 
Standard Mixture 
of pure ether 
of alcohol 
of Schiff's reagent 
Sample .Mixture 
5 cc. of ether sample 
from bottles 
10 cc. of alcohol 
5 cc. of Schiff's reagent 
• - ---t-
The colors produced in the standard and sample check 
each other 
5 cc. of ~ure ether 
10 cc. of alcohol 
-I st 5 cc. of Schiff Is reagent 
5 cc. of ether sample 
from cans 
10 cc. of alcohol 
5 cc. of Schiff's reagent 
The colors produced in the standard and sample 
check each other. 
---85- --
Per cent 
aldeh de 
Q.OO 
o.oo 
Perhaps the most noteworthy point, regarding the first set o~ an-
alyses, is the ~aot that in most oases the peroxide content o~ the ether 
• samples in the cans is greater than the :peroxide content o~ the ether sam:ple s 
in the bottles . In only one case (Albany ether) is this reversed. and this 
11 is of no signi~icance, because the increased :per cent of the ether sample 
from the bottles was caused by one o~ the two ~ oheck thiosulfate titrational 
values, which was increased by 0.01 cc. over the other. Now, since , :pre-
sumably , the cans and bottles for each manufacturer were filled nearly 
simultaneously and with the same lot of ether, the results obtained above 
are int eresting . While of course it is not justifiable to draw definite 
.and f ar-reaching conclusions regarding the respective merits of glass and 
tinned containers in this preliminary work, neverless, the writer be-
lieves that these results a re significant. 
Th e ethers from only two manufacturers (Powers Weightman-Rosen-
garten Co. and Albany Chemical Co.) show the presence of aldehyde, and the 
• ether in the bottles for each manufacturer show it to the s ame extent as 
the ether in the cans. The aldehyde in both cases is formed, presumable , 
as a r esult of se condary oxidative changes due to the peroxide present. 
The possibility of :preformed ala.ehyde (that is, aldt hyde produced during 
manufacture) is, however, not excluded. 
The second se't of analyses for this research wa,s - started on 
A~ril. 17, 1923 anabontinued for several days. se·:parate analyses were made 
for the ethers in the warm room and those in the cold room. The results 
fo r this s econd set ( in percentages of peroxide and aldehyd~) together 
with the results of the fi r st set, given for t he sake of comparison, are 
recorded in tabular form as follows:-
.. Date Fe~ruary 
- - - -----
{1) u.s . Industrial Co. 
• oo 
-~ -- - · --
Can Peroxide 
Can AlcLehyde 
Bottle Peroxide 
Bottle Aldehyde 
-
- R6-
-------
-----~-
A:pril 
0.00.59 
o.oooo 
(1 ) 
• 
• 
(2 
• 
(3 ) 
-(4:) 
• 
Da. t e 
- r: -Continued . Peroxide 
Can Aldehyde 
2_5° I I 
' Bottle Peroxi de i 
I Bottl e Aldehyde I 
' 
:Powers-Weight- j - Can Peroxide 
man-Ros engarten Co. (15285) 
! Can Aldehyde I (1.5 2R 5) 
Can Peroxide 
oo (15287) 
Can Aldehyde 
(15~A 7) 
Bottle Peroxide 
1 (1.528 6) 
Bottle 
(1 52R 6) I Aldehyde 
----------1-----J------
: · Can ) Peroxide 
(152R5) 
Albany Chern. Co. 
oo 
-
25° 
-
~allinakrodt Chern . 
Works. 
oo 
Can Aldehyde 
(152R5) 
Can Peroxide 
(152 R7) 
Can ' Aldehyde 
I (152R7 )I 
Bottle 1 Peroxide (152 86) 
Bottle Aldehyde 
1.5286 \. 
-
1 
• 
Can ~ Peroxide 
I l 
' 
Can : Aldehyde I 
!Bottle ' Peroxide 
I ' 
:Bottle 
1
_Aldehyde 
f .. 
Can ! Peroxi de 
Can I Aldehyde 
I 
Bottle ~ Peroxide 
t 
Bot tle Al~ehyd. e 
--
--
Can Peroxide 
Can Aldehyde 
Bottle Peroxide 
.Bottle Aldehyde 
.Februar y Apri l 
-
0.0020 
------
-
o. oooo 
------
0~0009 (8 ) 0.0059 
-
o.oooo o.oooo 
-
- . 
-- -
-
~~---- 0.0054 
------
0.0110 
, 
------
0.0047 
------ I 0.0110 
i -
------
0.0044 
------
0.0110 
-----
-
0.0039 0.00.59 
0.0110 0. 0110 
0.0047 0.0044 
0.0110 0.0110 
0.0039 
(.5 ) 
0.0051 
' 
0.0110 0.0110 
l 
------
O.OlR ; 
- ' 
------
0.0045 
------
0.016 
------
0.004,5 
' 
-
0 .. 0020 0.0 260 , 
, 
0.0045 0.0045 ~ 
0.0021 0.0100 
J 
! 
0.0045 0.0042 l l 
------
0.0091 I 
------
o.oooo i 
I 
------
0.0086 
------
o.oooo 
.Date 
- -
__ feb . Ae_ri I. 
( ) Continued . Can Peroxide 0.0024 0 .OlRO 
Can Aldehyde o.oooo o.oooo 
250 .. -
• 
Bottle Peroxide 0.0017 0.0130 
Bottle Aldehyde o.oooo 0.0000 
• (5 Du Pont Chern. Co. Can Peroxide ------ 0.0160 Regular Et her . 
• 
Can Aldehyde 
------
0.0045 
oo 
Bottle Peroxide 
------
0.0120 
Bottle Aldehyde 
------
o.oooo ,_ 
-
I 
.Can Peroxide 0.0059 0.0120 
-
Can Aldehyde o.oooo 0.0045 I 
25° -
Bottle Peroxide 0.0044 0.0096 
l Bottle Aldehyde o.oooo 0.0045 
Du Pont Chern. Co. l Can Peroxide 
------
0.0170 I Cotton Ether . 
-
( 6) 
Can Aldehyde I 0.0045 
I 
------
I 
oo I 
-
I 
Bottle Peroxide 
------ 0.0017 
I 
Bottle Aldehyde 
------
0.0000 I 
r ! 
s 
-
Can Peroxide 0.0069 0.0240 
Can Aldehyde I o.oooo 0.0045 25° .. - I 
Bottle Peroxide 0.0015 0.0180 
Bottle Aldehyde o.oooo o.oooo 
f---
f-- ·- . . . From the above r esults, 1t w1ll be observed that the perox1de 
values have increased during the twQ months; that, in general, the cans 
show higher :peroxide values than the bottles; and-' that, in some cases, the 
aldehyde content has been increased. 
This study is to be continued for two years, as :previously stated, 
and it is expected that interesting and important conclusions will be reached • 
.. C. The rate of Peroxide and Aldehyde formation in .Anesthesia Ether 
From the study which has already been completed in the Evans' Lab-
• oratori es,there seems · to be no doubt that ether,free from contamination at 
the time of manufacture, slowly undergo es deleterious oxidation changes 
whereby both peroxide and aldehyde are formed. From t h is preliminary study, 
it i s b elieved t hat ether,., in a metal c~ntainer, undergoes det eri9ration, 
while ether, stored in amoer glass, rema1ns pure even for long perlods of 
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time. To inve tigate this problem, to determine the length of time which 
ether can remain in storage without serious deterioration, and to det ermine 
the physical chemical aspects of the oxidation, the following plan has been 
outlined. (This work will be supplementary to part B .just ~ i ven. ) :-
A reaction vessel, as shown in Plate I, has been made by the Macal-
aster-Bicknell Co. of Cambridge. All parts are made of white glass with the 
exception of the cover, a b c d, which is made of quartz, to allow the pass-
age of ultra violet light. The method of operation is as follows:-
Various samples of ether (including pure ether and ethers containing 
different amounts of water, alcohol, etc.) will be put into the reaction 
vessel, r s t v, with pure oxygen, admitted at w (stop-cock f must be turned), 
at definite pressures (by connecting n to o and opq to a manometer. Tin 
will be added in some cases as a catalyst. The reaction vessel will be 
placed in a Freas thermostat (which Dr. Rowe obtained for this research by 
• means of a grant from the American Association for the Advancement of Science) 
at room temperature or a little higher. By means of a mercury arc lamp, 
11 Ulviarc 11 (obtained by Dr. Rowe for this work through the courtesy of Dr. 
Devers of the General Electric Co.) 197 , the reaction vessel can be exposed 
to ultra violet rays198. The mercury lamp will be run on a definite voltage 
(about 70 volts) and amperage (about 4 amperes), so that the energy production 
will be constant. At various intervals, ether will be removed by turning 
stop-cock e and allowing oxygen to be blown in at Kl. The ether will be 
forced up u v to f. Then, (since x y will be joined), the ether will be 
forced through y z and into a flask. for analysis. 
By means of this procedure ,just outlined, it is expected that def-
inite results will be obtained, within the next few weeks, re garding the 
production of peroxide and aldehyde under the influence of ultra violet 
e light and also of tin as a catalyst. These results are not yet availab17 
so that it has been decided to reserve this work for future publication. 
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IV. Future Problems and Conclusions to be dra11ll. from this Investigation. 
Problems which ought to be considered in the future may be divided 
• into three classes, (l) Chemioal, (2) Pharmacological, and (3) Anesthetic 
-
or Clinical. 
The chemist has before him some more w.or1c on ether. In all prob-
ability absolutely ~~re ether has not yet been made. The methods which 
have been outlined for the preparation of so-called pure ether, probably 
produce very good ether, but not ether e~tirely free from contaminants. 
To the writ er's mind, the strongest evidence for this point of view is to 
be found. in the work ofO)Cotton, f2)Wallis, and (3) Bourne and Stehle. The 
first two investigators come to the conclusion, independently, that pure 
ether is not an anesthetic. They differ, however, on what does constitute 
a good amesthesia ether. Bourne and Stehle do not confirm the results of 
these ot h er workers. Tliey find that :pure ether is not only an anesthet ic, 
but that it is more desirable thanordinary ether. These investigatoi·s 
e used different methods for the :preparation of pure ether, ancl, in all 
probability, these three '' pure ethers'' contained certain different 
contaminants, or at least contaminants in different proportions. The 
-
problem for the chemist, theri, is to prepare ~bsolutely pure ~the~. 
This can probably be accomplished best by freezing the purest ether 
obtainable by chemical and physical means. For freezing the ether, the 
use of liquid air would seem to be the best method, 
The investigation of chloroform, for contaminants and methods 
of estimation, a~fords another problem for the chemist. 
For the pharmacologist, animal experimehtation should be carried 
on to determine the effect of pure ether, and also ether containing 
known amounts of contaminants, when u s ed to anesthetize these animals, 
For the anesthetist, clinical work should be done by using 
·• absolutely pure ether. The results obtained should be compared with those 
obtained ~rom t he use of ordinary anesthesia ether. 
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In conclusion, the present research may be summarized as follows:-
(1) Methods have been worked out for the quantitative estimation 
of peroxide and aldehyde. Typical analyses are presented • 
(2) The effect of storage on the purity of anesthesia .ethers 
has been started and a preliminary re port has been made 
indicating that the peroxide content of ethers increases 
during storage, that the increase is greater in cans than 
in bottles, and that the aldehyde content gradually increases 
.J 
lagging definitely behind that of the peroxide, however. 
(3) The rate of peroxide and aldehyde formation in anesthesia 
ether under a.ifferent conditions (i.e., a catalyst and 
ultra violet light), is in progress. It is expected that, 
in the near future, definite results will be ready for 
publication. 
The writer desires to thank all those who have assisted him 
in any way in this research. 
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144. The burette, flasks, and pipettes used for the quantitative estima-
tion of peroxide and acetaldehyde content were calibrated and 
found to be sufficiently accurate . for the analyses. 
145. In all this preliminary work, where ·a satisfactory method was being 
worked out, the final peroxide percentages were not calculated. 
The attention was focused upon the titrational values of thiosul-
fate solution. The primary criterion of a satisfactory method was based on 
these values, the aim being to obtain check results. 
146. There is a discussion on the use of various iodides and mixed iodides 
by Baskerville and Hamor, Loc. cit. 
147. In the case of several of these preliminary trials, the titration 
was bemtd.nu.Eld for a day or two, because it was believed that, with 
cadmium iodide solution or a mixture of cadmium and potassium iodides in 
acid solution, the continued liberation of iodine ~epresented the last 
e portions of organic peroxide slowly reacting with hydriodic acid to produce 
iodine. Since the liberation of iodine continued apparently indefinitely, 
it was finally concluded that the iodine liberation was a result of the 
oxidation of hydriodic acid in the solution by the air, aided perhaps cat-
alytically by some substance in the solution, possibly the sodium tetra-
thionate. The mixed iodides and cadmium iodide in the presence of acid 
alone do slowly produce iodine, although not so rapidly as potassium iodide 
with acid. This is shown somewhat later experimentally. 
• 
148. Ferrous sulfate and molybdiiacid will increase the sp~ed of the re-
action H~O~ + 2RI ~ 2H20 + 2I, A System of Physical Chemistry 
by William c. McC.Lewis (1916), 473. Since ferrous sulfate is somewhat 
difficult to obtain pure, because it oxidizes so readily, it was decided 
to use the more stable ferrous ammonium sulfate • 
149. The benzol collected most of the iodine. The benzol solution was 
the upper phase. 
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150. This was a second solution of hydrogen peroxide dissolved in ether·. 
The hydrogen peroxide concentration was different from that of the 
first solution made up. 
151. Two phase systems are not again considered. All the remaining work 
on peroxide analysis involves one phase systems exclusively. 
152.. It was found that the treatment of 95 per cent alcohol with meta-
phenylene diamine hydrochloride with subsequent distillation served 
not only to remove aldehydes, but at the same time eliminated all but small 
amounts of peroxides. Wherever aldehydes and peroxi des occur in alcohol 
in appreciable quantities, it is recommended that this treatment be em-
ployed • 
. It was thought that meta-phenylene dia.mine hydrochloride might serve 15.3. 
in the purification of ether just as it did in the purification of 
alcohol. Another means was later .employed for the purification of ether. 
a 154 .f This solution was restandardized on April 8th7 1922. Its concentration 
was found to be 0.0156 gram of Na2s2o3 per cc. 
• 
155 .~The peroxide content of the alcoholic solution would be slightly 
higher than the. perox ide content of the aqueous solution. This was 
borne out experimentally. The calculation was based, however, on the per-
oxide content of the aqueous solution. 
J~In good anesthesia ether, the peroxide content is low. For the best 156. 
results the peroxide content of other reagents should be even lower. 
Otherwise small differences in the quantities of these reagents used in the 
control and the analysis of the sample, differences in velocity of reaction, 
and possibly other causes,will make a relatively large percentage error in 
the estimation of peroxide in the ether sample. 
157. That is, by distillation over meta-phenylene diamine ._hydrochloride • 
158. From this point on, the alcohol is distilled over meta-phenylene 
diamine hydrochloride, whemever it contains appreciable quantities of 
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acetaldehyde or peroxide. 
159. The plan of the set-ups for the control and sample has been previously 
given. It is repeated here for the sake of clearness. Hereafter, 
whenever the word "control 11 .or "Sample" is used, these two set-ups will be 
indicated respectively. Water and starch solution are not added during 
the titration. The 1'lask is thoroughly shaken, hl1l1wever. 
160. The ether used for this set was a Mallinckrodt ether, no. 425405. 
161. In general these sets were done on different days, so that even where 
the same ether sample is employed, check results for these different · 
sets are not necessarily obtained. In fact usually they do not correspond, 
due to the changes in the reagents of the control and also due to changes 
in the ether sample itself when exposed to more or less air. 
162. The ether used for this set was a Mallinckrodt ether, no. 425221. 
163. The . ether used for this set was an Otis Clapp ether, no. 2. 
164. The ether used for this set was an impure commercial ether. Its 
peroxide content was high. Just previous to this work, on July 5, 1922, 
the . sodium thiosulfate solution was again standardized. It contained 
0.0156 gram per cc. 
165. Quantitative Analysis by Treadwell-Hall. 
166. Two thermo•eters were used in the work, one for the distillation of 
pure ether and one for the distillation of pure aldehyde. The 360o 
thermometer was standardized at 3 points and the 100° thermol!leter was 
standardized at two points as rollows:-
~ ------ -- -----
60° Thermometer 100° Ther mometer 
- - -Observed melting point 
132° c for urea(uncorrected) --
Observed melting point 
for menthol (uncorrected) 43° c 42 • 
Obs~rved freezing point of 
distilled water oo c oo c _______ ,_ 
--
• 
167. Three standard solutions have been compared. One was an aldehyde 
in alcohol standard and the other two were aldehyde in ether stand-
ards (the latter are used entirely in the subsequent work). These three 
standard solutions checked up quite well. , 
168. Thi s standard solution was made up by dissolving 1 cc. of aldehyde 
in enough alcohol to make a total volume of 100 cc. The alcohol, for all 
standard and sample mixtures, was distilled over meta-phenylene diamine-
hydrochloride in this and all the work following. 
169. This .standard solut i on was made up by dissolving 1 cc. of aldehyde 
in enough alcohol to make a total volume of 50 cc. 
170. This standard solution was made up by diss~~ving l cc. of aldehyde 
in enough ether to make a total volume of 1000 cc. It will be observed in 
no. (2) that the set up has been modified. This will be discussed at the 
proper point. 
• 171. Thi s standard solution was made up by dissolving l cc. of a ldehyde in 
• 
enough ether to make a total volume of 250 cc. 
172. Two standard solutions we~e made up. The first, indicated in the 
set-ups by 1:1000, was made by dissolving 1 cc. of aldehyde in enough al-
cohol to make a total volume of 1000 cc. The second, indicated in the set-
ups by 1:50000, was made upt by dissolving l cc. of the first solution in 
eno.ugh alcohol to make a total volume of 50 cc. 
173. It was fo und that, where the color development was very faint, an 
ordinary colorimeter could not be used in checking one solution against the 
other. The colors were compared, therefore, by holding the cylindrical 
containers over a piece of white paper, without the use of the colorimeter. 
The eye can detect slight dii.ferences in color, so that the results are 
q11ite accurate as far as absolute values are concerned. The percentage 
errors, may be\ however, somewhat high. The acquisition of a colorimeter 
with longer cups, permitting the passage of light through longer columns 
-JOf-
• 
• 
of the solutions has been considered for some time. This colorimeter has 
,just arrived • 
174. Schiff's reagent is added simultaneously to the standard and sample. 
In general, both here and in the later work, the two mixtures are allowed 
to stand for 15 minutes before the color comparisons are made. 
175. Francois suggested the use of ether, as a solvent for the aldehyde, 
but he believed that alcohol was better. 
176. Pure ether, used here and in later analyses for the aldehyde content 
of ethers, has been prepared by two different methods. For the earlier 
work, the method of Dr. R. L. Emerson was used. Fo1• the later• work, the 
method of T.aylor and Smith has been employed. Both methods yield ether 
fre e from aldehydes and peroxides (or at the most only tra ces of the se con-
taminants remain). 
177. The set-ups for the controls and samples are identical with those 
previously used, as follows:-
- ---- --
-
Control. Sample. 
15 cc. of a 5% aqueous Cdi2 , KI sol. 15 cc. of a 5% aqueous Cdi2 , KI 
15 cc. of dilute H2so4 15 cc. of dilute H2S o4 
25 cc. of alcohol 25 cc. of alcohol 
10 cc. of the ether sample. 
178. This standard was made up by dissolving 1 cc. of aldehyde in enough 
pure ether to make a total volume of 1000 cc. 
179. Here, and in most of the subsequent work, only one control was ~un 
for a g iven set. For (1) and (2), one control only was run, not two. The 
value in (2) is repeated for the sake of clearness. 
sol. 
180. This standard was made up in the same way as the one used in the 
first and second sets (see note178}. It was actually a different solution, 
• however. It was eventually combined with the other standard. 
1e1. This solution was made up by dissolving 1 cc. of aldehyde in enough 
-1 -2.-
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aldehyde (in ether) standard (see note180 ) to make a total volume of 
250 cc • 
182. This solution was made up by dissolving 1 cc. of aldehyde in enough 
pure ether to make a total volume of 500 cc. 
183. This solution was made up by dissolving 1 cc. of aldehyde in 480 cc. 
of the aldehyde (in ether) solution used in no. (2) of the four th set 
(see note182 ) 
184. This value is undoubtedly too high. The mixture probably stood too 
long and possibly the end-point was overstepped. 
185. This solution was made up by dissolving 1 cc. of aldehyde in 230 cc. 
of pure ether. 
186. This solution was made up by dissolving 1 cc. of aldehyde in 210 cc. 
of the aldehyde (in ether) solution ased in no. (2) of the fifth set (see 
note 185). 
187. This solution was made by dissolving 2 GC. of aldehyde in 190 cc. 
of the aldehyde (in ether) solution used in no. (3) of the fifth set (see 
note 186). The concentration of aldehyde in ether here (no.(4) of the 
fifth set) is in the neighborhood of 2 per cent. 
le8. A second thiosulfate solution had .been made up and was used for the 
five sets of results given. The concentration of sodium thiosulfate on 
Oct. 21, 1922 was 0.0163 gram of Na2s2o3 per cc. 
189. J. Pharm. Chim., December, . le72. 
190. J. Chim. Med., 1831, 531. 
191. This standard solution was made up, as previously described, by 
dissolving 1 cc. of aldehyde in enough pure ether to make a total volume 
of 1000 cc. This standard is used in all subsequent aldehyde analyses. 
192. There was only a small quantity of ether available for these quanti-
tative estimations and the routine tests. A check peroxide determination 
was, therefore, not made. 
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193. The figures in the following tables represent the number of cans 
and bottles that are to be used for each set of analyses • 
194. In this first set, no distinction was made between those samples 
of ether from the warm room and those from the cold room. The ethers 
contained in the bottles from the cold and warm rooms were united. The 
same is true for the ethers contained in the cans. 
195. At the end of these sets of analyses, on Feb. 10, 1923, the sodium 
thiosulfate solution was restandardized. The concentration of sodium 
thiosulfate was 0.0163, which checks the previous value (see note 188). 
196. The second sample value is not considered in getting the average 
value here, since it is believed to be too high. 
197. This lamp is the 110 volt, horizontal type, and it is manufactured 
by the Cooper, Hewitt Electrical Co. of Hoboken, N. J. 
198. The range is from 1850 Angstr8m units up to the infra red region(11 4rO"OA.~. 
~ The rays are most concentrated, however, in the ultra violet re gion. 
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in 191 2 and the degree M.S. f r om the same institution in 1914. 
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